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Economic  Committee  of  Congress  which  recommended  that  "a  determination  snould  be 
made  about  the  merits  of  the  various  methods  for  estimating  Soviet  defense 
spending". 

The  scope  of  this  summary  report  therefore  includes: 

•'  Identification,  categorization,  and  analysis  of  current  techniques  for 
estimating  Soviet  National  Security  Expenditures  (NSE)  and  their  associated 
numerical  estimates; 

•  Development  of  an  econometric  evaluation  methodology  for  formulating  and 
testing  statistical  hypotheses  based  upon  the  estimation  of  possible  infor-i 
mation  and  methodology  errors; 

4  Definition  and  performance  of  selected  resource  allocation  experiments  for 
the  purpose  of  evaluating  the  level,  composition,  and  rate  of  growth  of 
estimated  Soviet  NSE; 

4  A  discussion  of  the  implications  of  alternative  estimates  of  Soviet  NSE 
from  the  standpoint  of  overall  ex  post  Soviet  resource  allocation; 

4  An  evaluation  of  the  sectoral  economic  burden  of  Soviet  NSE  from  the 
,  standpoint  of  ex  post  Soviet  resource  allocation; 

•  A  review  of  the  Bergendorff-Strangert  Model  for  purposes  of  illustrating 
ex  ante  trade  offs  in  resource  allocation  and  the  introduction  of  an 
energy  constraintt^and 

•  A  review  of  the  Stanford  Research  Institute  and  Wharton  Econometric  Fore¬ 
casting  Associates  (SRI-WEFA)  Econometric  Model  of  the  Soviet  Union 
(S0VM0D  III)  as  a  proposed  research  tool  for  examining: 

-  The  need  for  expansion  of  the  production  function  specification 
beyond  the  Cobb-Douglas  case, 

-  The  projected  economic  burden  of  Soviet  NSE  by  economic  sector  incor¬ 
porating  the  generalized  input-output  methodology,  and 

-  The  technology  transfer  issue  and  an  hypothesis  that  the  Soviet  Union 
imports  machinery  from  the  West  as  a  matter  of  military  necessity. 

The  current  baseline  methodologies  for  estimating  Soviet  NSE  which  are  iden¬ 
tified  and  analyzed  in  this  report  may  be  summarized  as  follows: 

•  The  Official  Soviet  Defense  Budget  (i.e.,  "Soviet  estimates"); 

•  The  Original  Budgetary  Technique,  i.e..  International  Institute  of 
Strategic  Studies  (IISS)  estimates; 

•  The  FNE  (Financing  the  National  Economy)  and  BE  (Budgetary  Expenditure) 
Residuals  Technique,  i.e.,  Stockholm  International  Peace  Research  Insti¬ 
tute  (SI PR I )  estimates; 

t  The  Revised  Budgetary  Technique  (i.e.,  Stanley  Cohn’s  estimates); 

•  The  Production  Residual  Estimation  Technique  ;i.e.,  William  T.  Lee’s 
estimates) ; 

•  The  National  Expenditure  Method  (i.e.,  French  estimates); 

•  The  Direct  Costing  Technique  (i.e.,  CIA  estimates);  and 

•  The  External  Information  Method  (i.e.,  Chinese  estimates). 

A  general  ranking  of  the  foregoing  baseline  estimation  methodologies  and  their 
associated  numerical  estimates  was  performed  on  the  basis  of  a  series  of  twenty 
resource  allocation  experiments  designed  and  conducted  oy  GE-TEMPO,  as  the 
result  of  which  the  baseline  estimation  methodologies  were  assessed  in  terms 
of  acceptability  and  robustness.  (continued  on  next  sheet) 
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An  analysis  of  the  economic  burden  of  Soviet  NSE  was  also  conducted 
on  the  basis  of  a  series  of  sixty-four  resource  allocation  experiments 
designed  and  developed  by  GE-TEMPO,  as  tne  result  of  which: 

•  It  was  demonstrated  that  the  estimated  magnitude  and  the  time 
trend  of  the  aggregations  of  Soviet  manpower  and  capital 
resources  utilized  in  Soviet  defense  production  is  crucially 
dependent  upon  wnich  baseline  estimation  tecnnique  is  applied; 
and 

•  A  relative  ranking  of  Soviet  economic  sectors  from  tne 
standpoint  of  Soviet  NSE  for  the  period  1966-1971  was 
formulated. 

The  summary  report  also  provides  a  review  and  assessment  of  the 
following  three  well-known  econometric  models  of  the  Soviet  economy  from 
the  standpoint  of  illustrating  the  primary  and  secondary  ex  ante  resource 
allocation  effects  associated  with  twelve  ex  ante  resource  allocation 
experiments  which  were  designed  and  developed  by  GE-TEMPO: 

•  The  Bergendorff-Strangert  Model  , 

•  The  Niwa  Model ,  and 

•  The  Stanford  Research  Institute  (SRI )-Wharton  Econometric 
Forecasting  Associates  (WEFA)  Soviet  Econometric  Model 
(SOVMOD  III). 

The  report  concluces  with  a  series  of  recommendations  with  regard  to 
additional  experimental  and  methodological  research. 


THE  ANALYSIS  OF  METHODOLOGIES  AND  TECHNIQUES 
FOR  ESTIMATING  SOVIET  RESOURCE  ALLOCATION 


EXECUTIVE  SUMMARY 

INTRODUCTION 


The  overall  objectives  of  the  research  reflected  in  this  summary  report 
are  to  characterize  and  analyze  current  methodologies  and  techniques  for 
estimating  Soviet  resource  allocation  and  to  identify  and  define  possible 
new  methodologies  and  techniques.  The  need  for  such  research  was  high¬ 
lighted  during  the  course  of  a  workshop  sponsored  by  the  Office  of  Naval 
Research  (ONR)  on  economic  conflict.  A  major  topic  on  the  agerda  for  this 
workshop  was  a  discussion  of  the  problems  involved  in  estimating  Soviet 
national  security  expenditures  (NSE).1 2  The  need  for  such  research  was  also 
cited  in  a  recent  staff  study  by  the  Joint  Economic  Committee  of  Congress 

which  recommended  that  "a  determination  should  be  made  about  the  merits  of 

o 

the  various  methods  for  estimating  Soviet  defense  spending". 


The  scope  of  this  summary  report  therefore  includes: 

t  Identification,  categorization,  and  analysis  of  current 
techniques  for  estimating  Soviet  National  Security 
expenditures  (NSE)  and  their  associated  numerical 
estimates; 

•  Development  of  an  econometric  evaluation  methodology  for 
formulating  and  testing  statistical  hypotheses  based  upon 

the  estimation  of  possible  information  and  methodology  errors; 

•  Definition  and  performance  of  selected  resource  allocation 
experiments  for  the  purpose  of  evaluating  the  level, 
composition,  and  rate  of  growth  of  estimated  Soviet  NSE; 

•  A  discussion  of  the  implications  of  alternative  estimates 
of  Soviet  NSE  from  the  standpoint  of  overall  ex  post  Soviet 
resource  allocation,  as  highlighted  in  Appendix  A. 

1  Economic  Conflict,  and  National  Security  Research  by  Rex  D.  Minckler  and 
Richard  G.  Rebh,  General  Electric  Company  Center  for  Advanced  Studies 
(GE-TEMTO),  GE  77  TMP-5,  Appendix  D,  February  22,  1977. 

2 

Western  Perception  of  Soviet  Economic  Trends  by  Ralph  F.  Kaufman  for  the 
Joint  Economic  Committee  of  Congress,  March  6,  1978,  page  18. 


•  An  evaluation  of  the  sectoral  economic  burden  of  Soviet 
NSE  from  the  standpoint  of  ex  post  Soviet  resource 
allocation,  as  highlighted  in  Appendix  B; 

•  A  review  of  the  Bergendorff-Strangert  Model  for  purposes 
of  illustrating  ex  ante  trade  offs  in  resource  allocation 
and  the  introduction  of  an  energy  constraint,  as  high¬ 
lighted  in  Appendix  C;  and 

•  A  review  of  the  Stanford  Research  Institute  and  Wharton 
Econometric  Forecasting  Associates  (SRI-WEFA)  Econometric 
Model  of  the  Soviet  Union  (SOVMOD  III)  as  a  proposed 
research  tool  for  examining: 

-  The  need  for  expansion  of  the  production  function  speci- 

f  i  cation  beyond  the  Cobb-Dougl as  case  .which  is  addressed  i  n  Appendi  x  C 

-  The  projected  economic  burden  of  Soviet  NSE  by  economic 
sector  incorporating  the  generalized  input-output  methodology 
which  is  described  in  Appendix  B-,  and 

-  The  technology  transfer  issue  and  an  hypothesis  that  the 
Soviet  Union  imports  machinery  from  che  West  as  a  matter  of 
military  necessity,  as  reflected  in  Section  3.0  and  Appendix 
C. 


Current  Baseline  Methodologies 

The  current  baseline  methodologies  for  estimating  Soviet  NSE  which  are 
identified  and  analyzed  in  this  report  may  be  summarized  as  follows: 

•  The  Official  Soviet  Defense  Budget  (i.e.,  "Soviet  estimates'1); 

•  The  Original  Budgetary  Technique,  i.e..  International  Institute 
of  Strategic  Studies  (IISS)  estimates; 

3 

•  The  FNE  and  BE  Residuals  Technique  (i.e.,  SIPRI  estimates); 

i  The  Revised  Budgetary  Technique  (i.e.,  Stanley  Cohn's 
estimates); 

•  The  Production  Residual  Estimation  Technique  (i.e.,  William 
T.  Lee's  estimates); 

•  The  National  Expenditure  Method  (i.e.,  French  estimates); 

•  The  Direct  Costing  Technique  (i.e.,  CIA  estimates);  and 

•  The  External  Information  Method  (i.e.,  Chinese  estimates). 

FNE,  BE,  and  SIPRI  are  abbrevations  for  the  following  terms:  Financing  the 
National  Economy  (FNE)  component  of  the  USSR  State  budget.  Budgetary 
Expenditure  (BE),  and  the  Stockholm  International  Peace  Research  Institute 
(SIPRI). 


A  summary  of  the  estimates  of  Soviet  NSE  utilizing  the  foregoing  baseline 
methodologies  is  presented  in  Table  i. 


Table  i 

A  Summary  of  Current  Baseline  Estimates  of  Soviet  National  Security 
Expenditures  for  the  Period  1960-1975  A 
(billions  of  current  rubles) 
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AN  ASSESSMENT  OF  CURRENT  METHODOLOGIES 

A  general  ranking  of  the  current  baseline  estimation  methodologies  and 
their  associated  numerical  estimates  was  performed  on  the  basis  of  a  series 
of  resource  allocation  experiments  which  are  summarized  in  Section  3.2  and 
described  in  detail  in  Appendix  A  of  this  summary  report.  These  twenty 
4 

All  of  the  various  sources  of  information  presented  in  this  table  are 
identified  in  Footnote  159  on  page  119  of  the  summary  report. 
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experiments  were  designed  to  assess  the  acceptability  and  robustness  of 
each  of  the  baseline  estimation  methodologies  in  terms  of  the  following 
parameters : 

•  8^  which  represents  the  percentage  of  the  Outlays 

n.e.c.  (not  elsewhere  classified)  component  of  the  Soviet 
National  Income  Accounts  that  is  believed  to  have  contained 
Soviet  NSE  in  1970--excl uding  military  research,  develop¬ 
ment,  test,  and  evaluation  ( RDT&E )  expenditures; 

•  which  represents  the  percentage  of  RDT&E  expenditures 
which  is  believed  to  be  of  a  military  nature;  and 

•  ^  1970  represents  the  hypothesi zed  magni  tude  of  undetected 

Soviet  NSE  that  must  be  added  to  the  Soviet  GNP  for  1970. 

On  the  basis  of  these  experiments,  the  acceptability  and  robustness  of  the 
baseline  methodologies  to  changes  in  the  experimental  conditions  were  assessed 
as  summarized  in  Table  ii. 


Table  ii 

A  General  Ranking  of  the  Current  Baseline  Methodologies 
for  Estimating  Soviet  National  Security  Expenditures 


General  Ranking 

Baseline  Estimation  Methodologies 

•  Very  robust 

Production  Residual  Estimation  Technique  (Bill  Lee's 
Establishment  Basis  and  Commodity  Basis  Estimates) 

•  Moderately  robust 

FNE  and  BE  Residuals  Technique  (SIPRI  estimates)  and 
the  External  Information  Method  (Chinese  estimates) 

•  Slightly  robust 

Revised  Budgetary  Technique  (Stanley  Cohn's  State 
Reserves  Basis  and  Final  Demand  Basis  Estimates)  and 
the  Direct  Costing  Techniques  (CIA’s  estimates) 

•  Unacceptable 

Official  Soviet  Defense  Budget,  the  Original  Budge¬ 
tary  Technique  (1ISS  Estimates),  and  the  National 
Expenditures  Method  (French  estimates) 

iv 


ANALYSIS  OF  THE  ECONOMIC  BURDEN 


An  analysis  of  the  economic  burden  of  Soviet  NSE  was  conducted  on  the 
basis  of  a  series  of  resource  allocation  experiments  which  are  summarized  in 
Section  3.6  and  described  in  detail  in  Appendix  B  of  this  summary  report. 
These  sixty-four  resource  allocation  experiments  were  designed  to  evaluate 
the  economic  burden  of  the  alternative  baseline  estimates  of  Soviet  NSE  by 
means  of: 

•  A  set  of  generalized  disaggregation  rules  which  were  for¬ 
mulated  for  the  purpose  of  distributing  the  alternative 
estimates  of  Soviet  NSE  among  twelve  sectors  of  the  Soviet 
economy;  and 

•  An  input-output  methodology  which  was  developed  for  the 
purpose  of  estimating  the  magnitude  and  structure  of  Soviet 
civilian  manpower  engaged  in  defense  production  by  economic 
sector,  to  include:  5 

-  Introduction  of  the  value  of  the  Soviet  capital  stock 
involved  in  the  production  of  defense  goods; 

-  Elimination  of  methodology  errors  associated  with  the 
original  sectoral  disaggregation  of  estimated  Soviet  NSE; 
and 

-  Application  of  new  information  provided  in  Stanley  Cohn's 
sectoral  disaggregation  of  estimated  Soviet  NSE. 


On  the  basis  of  these  experiments,  it  was  demonstrated  that  the  estimated 
magnitude  and  the  time  trend  of  the  aggregations  of  Soviet  manpower  and  capital 
resources  utilized  in  Soviet  defense  production  are  crucially  dependent  upon 
which  baseline  estimation  technique  is  applied.  But,  due  to  limitations  in  the 
current  availability  of  data,  the  sixty-four  resource  allocation  experiments 
were  applied  to  only  two  of  the  baseline  estimation  methodologies. ^  However, 
in  order  to  provide  an  ex  post  resource  allocation  analysis  of  the  estimated 
composition  of  Soviet  NSE  that  will  be  relatively  insensitive  to  the  selection 
of  baseline  estimation  techniques,  a  mere  general  methodology  for  evaluating 
the  sectoral  disaggregation  of  estimated  Soviet  NSE  was  developed.  This  mere 

^  This  methodology  is  based  upon  a  report  by  Steven  Rosefielde  on  A  Preliminary 
Net  Assessment  of  the  Civilian  JLa hor  Force  Devoted  to  the  Product! on  of  Defense 
Goods  in  the  United  States  and  the  Soviet  Union,  GE- TEMPO,  GE  76  TMP-54B 
Ta  draft),  October  1977. 

®  These  two  cases,  which  involve  Bill  Lee's  and  Stanley  Cohn's  techniques, 
represent  alternative  characterizations  in  that  Bill  Lee's  estimates  of  the 
level  of  Soviet  NSE  over  time  reflect  an  increasing  share  of  trie  Soviet  GNP 
whereas  Stanley  Cohn's  reflect  a  const  nt  share. 
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generalized  Hie Lhodo 1 ogy ,  which  is  described  in  detail  in  Appendix  B,  is 
based  upon  the  incidence  pattern  concept  of  sectoral  burden  ratios  among 
the  qualitative  resource  categories  (i.e.,  skills  in  the  case  of  the  labor 
resource  and  durability  in  the  case  of  the  capital  resource).  The  principle 
upon  which  this  concert  is  based  is  that  an  increasing  trend  in  the  estimated 
sectoral  economic  burden  ratios  over  time  implies  a  transfer  of  resources 
from  civilian  to  oefense  uses.  Therefore,  in  light  of  an  increasing  estimate 
of  Soviet  NSE  for  each  sector  over  time,  then  an  increasing  proportion  of 
the  labor  and  capital  resources  is  generally  required  in  most  economic  sectors 
in  order  to  sustain  the  Soviet  defense  build-up  during  the  period  1966-1971. 
However,  it  is  possible  for  resource  productivity  and  supply  to  increase  so 
rapidly  in  certain  economic  sectors  that  the  estimated  Soviet  economic  burden 
ratios  for  those  sectors  would  net  increase  over  time.  As  a  consequence,  the 
alternative  baseline  estimation  techniques  actually  used  to  estimate  the 
sectoral  composition  of  Soviet  NSE  could  produce  a  declining  economic  burden 
ratio  for  a  particular  category  of  labor  skill  or  capital  durability  within  a 
given  sector.  Although  the  magnitude  of  these  burden  ratios  will  be  influenced 
by  the  choice  of  estimation  technique,  the  trend  in  these  economic  burden  ratios 
may  be  insensitive  to  the  particular  estimation  technique  selected.  As  a  result, 
the  perceived  existence  of  a  fundamental  burden  incidence  pattern  that  is  common 
to  all  of  the  baseline  estimation  techniques  will  permit  the  formulation  of 
some  preliminary  resource  allocation  observations  and  conclusions.  For  example, 
those  qualitative  resource  categories  (i.e.,  labor  skills  or  capital  durability) 
with  constant  or  decreasing  sectoral  burden  ratios,  despite  an  increase  in  the 
overall  sectoral  economic  burden  ratio,  indicate  that  those  resource  categories 
have  been  more  available  for  the  support  of  civilian  production  than  for  defense 
production.  By  contrast,  those  qualitative  resource  categories  upon  which  the 
incidence  of  defense  burden  is  increasing  over  time  actually  reflect  a  transfer 
of  resources  from  civilian  to  defense  production. 

Based  upon  the  foregoing  generalized  sectoral  disaggregation  methodology', 
a  fundamental  burden  incidence  pattern  was  defined  for  each  of  the  twelve 
Soviet  economic  sectors.  Subsequently,  the  sensitivity  of  each  of  these 
incidence  pu  ..ms  was  analyzed  in  light  of  the  following  changes  in  experimental 
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conditions  for  each  of  eight  categories  of  labor  and  capital 


resources : 
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t  A  change  in  the  assumption  that  all  technological  progress 
appears  in  the  final  demand,  where  fewer  inputs  are  required 
over  time  in  order  to  obtain  a  unit  of  final  product; 

•  Elimination  of  the  special  sectoral  pattern  of  RDT&E  expen¬ 
ditures  from  the  estimates  of  Soviet  NSE  by  sector;  and 

•  A  test  of  the  importance  of  performing  the  burden  ratio 
computations  with  input-output  data  in  producer's  prices, 
instead  of  in  purchaser's  prices. 


The  relative  sensitivity  of  each  of  the  Soviet  economic  sectors  to  the  postulated 
changes  in  experimental  conditions  with  reference  to  the  various  categories  of 
labor  and  capital  resources  is  defined  as  follows: 


•  Very  sensitive,  which  reflects  a  non-increasing  trend  in 
the  burden  ratio  for  all  of  the  baseline  estimation 
techniques  in  more  than  one  resource  category; 

•  Moderately  sensitive,  which  reflects  a  non-increasing 
trend  in  the  burden  ratio  for  all  of  the  baseline  estima¬ 
tion  techniques  in  at  least  one  resource  category; 

•  Slightly  sensitive,  which  reflects  a  non-increasing  trend 
in  the  burden  ratio  for  some,  but  not  all,  of  the  baseline 
estimation  techniques  in  at  least  one  resource  category;  and 

•  Not  sensitive,  which  reflects  an  increasing  trend  in  the 
burden  ratio  for  all  of  the  baseline  estimation  techniques 
and  all  resource  categories. 

The  results  of  the  sensitivity  analyses  from  the  standpoint  of  those  Soviet 
economic  sectors  that  have  realized  the  greatest  impact  of  increased  Soviet  I'SE 
during  the  period  1966-1971  are  summarized  in  Table  iii. 


;  These  changes  in  experimental  conditions  are  defined  in  Table  B-35  of 
Appendix  B  and  actually  constitute  eight  different  experimental  conditions. 
The  eight  categories  of  labor  and  capital  resources  are  defined  in  Table 
B-36  of  Appendix  B  and  range  from  aggregate  labor  and  capital  to  high- 
skilled,  middle-skilled,  and  low-skilled  labor  and  to  high-durability, 
middle-durability,  and  low-durability  capital.  The  eight  experimental 
conditions  combined  with  the  eight  resource  categories  constitute  the  sixty 
four  resource  allocation  experiments  previously  cited. 


Table  iii 

A  Relative  Ranking  of  the  Soviet  Economic  Sectors  from  the 
Standpoint  of  Soviet  National  Security  Expenditures  (1966-1971) 


Relative  Ranking 

Resource  Categories 

Labor 

Capital 

•  Very  Sensitive 

Construction  Materials  (Sector  6) 
Trade  &  Distribution  (Sector  12) 

Agriculture  (Sector  1) 
Light  Industry  (Sector  9) 
Construction  (Sector  10) 

t  Moderately 
Sensitive 

Fuels  (Sector  2) 

Chemicals  (Sector  7) 

Food  (Sector  8) 

Light  Industry  (Sector  9) 
Construction  (Sector  10) 

Construction 

Materials  (Sector  6) 
Chemicals  (Sector  7) 

Food  (Sector  8) 

t  Slightly 

Sensitive 

Machine-Building  &  Metalworking 
(Sectors  4  and  5) 

Transportation  and 

Communication  (Sector  11) 

Fuels  (Sector  2) 
Machine-Building  &  Metal¬ 
working  (Sectors  4  and  5) 
Transportation  and 
Communication  (Sector  11) 
Trade  and  Distribution 
(Sector  12) 

•  Not  Sensitive 

Agriculture  (Sector  1) 

Metals  (Sector  3) 

Metals  (Sector  3) 

On  the  basis  of  the  relative  rankings  reflected  in  Table  iii,  some  preliminary 
observations  and  conclusions  with  regard  to  Soviet  NSE  by  economic  sectors 
are  as  follows: 

t  The  Meta  Is,  Machine-Building,  Metalworking,  and  Transportation 
and  Communication  sectors,  which  are  identified  as  Not  Sensi¬ 
tive  and  Slightly  Sensitive  in  Table  iii,  appear  to  have 
absorbed  most  of  the  burden  of  increased  NSE  in  terms  of  both 
labor  and  capital  resources  during  the  period  1966-1971;  while 

•  The  remaining  eight  economic  sectors,  which  are  identified  as 
Moderately  Sensitive  or  Very  Sensitive  in  Table  iii,  appear  to 
have  generally  avoided  the  burden  of  increased  NSE  with 
reference  to  one  or  more  of  the  experimental  conditions  and  the 
two  baseline  estimation  techniques  that  have  been  thus  far 
evaluated. 

These  preliminary  resource  allocation  conclusions  are  subject  to  revision  as 
data  which  will  satisfy  the  disaggregation  rules  previously  cited  are  obtained 
for  the  other  baseline  estimation  techniques. 
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APPLICATION  OF  ECONOMETRIC  MODELS 


This  summary  report  also  provides  a  review  and  assessment  of  the 
following  three  well-known  econometric  models  of  the  Soviet  econony  from 
the  standpoint  of  illustrating  the  primary  and  secondary  ex  ante  resource 
allocation  effects  associated  with  twelve  ex  ante  resource  allocation 
experiments  which  are  summarized  in  Section  3.6  and  described  in  detail 

O 

in  Appendix  C: 

•  The  Bergendorff-Strangert  Model , 

•  The  Niwa  Model ,  and 

•  The  Stanford  Research  Institute  (SRI )-Uharton  Econometric 
Forecasting  Associates  (WEFA)  Soviet  Econometric  Model 

( SOVMOD  III). 

The  three  alternative  resource  allocation  rules,  which  define  the  basic 
experimental  designs  for  evaluating  the  impact  of  resource  allocation  asso¬ 
ciated  with  a  given  rate  of  growth  in  Soviet  NSE,  may  be  summarized  as 
follows: 


•  Investment  is  exogenous,  and  Consumption  is  endogenously 
determined  as  a  residual  ( i . e .  ,  Consumption  versus  defense 
spending) ; 

•  Consumption  is  exogenous,  and  Investment  is  endogenously 
determined  as  a  residual  (i.e.,  GNP  versus  defense  spending); 
and 

•  Both  Consumption  and  Investment  are  endogenously  determined, 
and  their  shares  of  nondefense  gross  national  product  (GNP) 
are  provided  exogenously  (i.e.,  Consumption  and  Investment 
versus  defense  spending). 

Within  each  experimental  design,  the  following  four  sensitivity  analyses 
experiments  may  be  illustrated: 


•  The  production  function  for  the  Industrial  sector  is  changed 
from  Cobb-Douglas  to  a  Constant  Elasticity  of  Substitution 
(CES)  in  order  to  examine  the  consequences  of  an  elasticity 
of  substitution  between  capital  and  labor  which  is  less  than 
unity  when  the  given  rate  of  growth  in  Soviet  NSE  changes; 


Q 

A  primary  ex  ante  resource  allocation  effect  is 
in  projected  level  of  Soviet  NSE  when  all  other 
whereas  a  secondary  ex  ante  resource  allocation 
a  change  in  some  other  experimental  factor  with 
level  of  Soviet  NSE. 


associated  with  the  change 
factors  are  held  constant, 
effect  is  associated  with 
no  change  in  the  projected 


•  The  technological  progress  parameter  of  the  industrial  sector 
is  changed  in  order  to  examine  the  consequences  of  improved 
managerial  performance  or  the  importation  of  foreign  tech¬ 
nology  when  the  given  rate  of  growth  in  Soviet  NSE  changes; 

•  The  defense  share  of  Soviet  GNP  (i.e.,  the  burden  ratio)  is 
changed  in  order  to  examine  the  consequences  of  reducing  the 
percentage  of  nondefense  GNP  available  for  Consumption  and 
Investment  when  the  given  rate  of  growth  in  Soviet  NSE  changes; 
and 

•  The  sectoral  composition  or  mix  of  Soviet  defense  final  demand 
between  the  Industrial  and  Construction  sectors  is  changed  in 
order  to  examine  the  impact  upon  resource  allocation  when  the 
given  rate  of  growth  in  Soviet  NSE  changes. 

The  combination  of  the  three  alternative  sets  of  allocation  rules  and  four 
alternative  sensitivity  analyses  constitutes  the  twelve  ex  ante  resource 
allocation  experiments  for  the  projection  of  Soviet  NSE  during  the  period 
1976-1985. 


Because  the  Beryendorff-Strangert  model  is  only  designed  to  examine  the 
resource  allocation  effects  of  changing  the  projected  rate  of  growth  of  Soviet 
NSE,  it  would  now  be  most  desirable  to  conduct  these  twelve  ex  post  resource 
allocation  experiments  utilizing  the  SRI-WEFA  SOVMOD  1 1 1 - -whi ch  is  much  better 
suited  for  the  examination  of  the  resource  allocation  effects  of  changing  the 
projected  level,  or  the  projected  sectoral  composition,  of  Soviet  NSE.  In 
other  words,  changes  in  the  elasticity  of  substitution  among  resource  inputs 
and  changes  in  the  productivity  impact  associated  with  the  technology  transfer 
issue  may  be  more  effectively  isolated  in  terms  of  the  primary  and  secondary 
resource  allocation  effects  associated  with  alternative  estimates  of  Soviet  NSE 
by  means  of  SOVMOD  III  than  the  other  models  considered. 

This  summary  report  provides  not  only  a  detailed  review  of  the  SRI-WEFA 
engineering  approach  to  Soviet  production,  but  also  insights  into  such  related 
subjects  as; 

•  The  equivalence  between  Donald  Green's  ex  ante  production  function 
in  two  variables  and  the  more  conventional  Cobb-Douglas ,  CES,  or 
Variable  Elasticity  of  Substitution  (VES)  production  function 
specifications ; 

•  The  exact  relationship  between  the  parameters  used  by  Professor 
Karl  W.  Roskamp  of  Wayne  State  University  in  his  VES  production 
function  (which  contains  the  CES  and  Cobb-Douglas  specifications 
as  special  cases)  and  the  parameters  used  by  Donald  Green  in  his 
ex  ante  production  function; 


•  Modification  of  the  original  specification  of  the  demand 
equations  for  Soviet  machinery  imports  by  replacing  the 
detente  trend  explanatory  variable  with  a  compensation 
agreements  explanatory  variable;  and 

t  The  formulation  of  a  military  necessity  hypothesis  with 
respect  to  Soviet  trade  policies  which  reflects  a  greater 
reliance  upon  the  stock  of  foreign  machinery  and  equipment 
than  upon  the  stock  of  domestic  machinery  and  equipment. 


ADDITIONAL  RESEARCH 


In  addition  to  conducting  the  foregoing  ex  ante  resource  allocation 
experiments  utilizing  SOVMOD  Ill,  the  following  experimental  and  methodolo¬ 
gical  research  tasks  are  recommended: 

•  Iteration  of  the  twenty  ex  post  resource  allocation  experi¬ 
ments  defined  in  Appendix  A,  to  include  the  use  of: 

-  Bill  Lee's  National  Income  Accounts  data  in  current  rubles, 
and 

-  The  CIA's  National  Income  Accounts  data  and  original 
definition  of  Outlays  n.e.c. 

•  Iteration  of  the  sixty-four  generalized  defense  burden 
experiments  defined  in  Appendix  B, 

-  Using  the  general  disaggregation  rules  and  CIA  estimating 
technique, 

-  Expanding  the  time  period  from  1966-1971  to  1960-1975,  and 

-  Expanding  the  basic  experimental  conditions  (i.e.,  technolo¬ 
gical  progress,  RDT&E  expenditures,  and  the  Leontief  Inverse 
in  producer's  prices),  to  include  the  RAS  method  of  incor¬ 
porating  technological  change. 

•  Empirical  implementation  of  the  twelve  ex  ante  resource  allocation 
experiments  defined  in  Appendix  C  using  the  SRI-WEFA  SOVMOD  III 
model,  to  include: 

-  Changing  the  form  of  the  production  function  from  Cobb- 
Douglas  to  CES  and  VES, 

-  Formal  derivation  of  ex  ante  VES  and  CES  production  functions 
for  the  three-variable  case  wherein  capital  stock  is  disaggre¬ 
gated  by  source  of  origin  (i.e.,  domestic  or  imported), 

-  Investigation  of  conditions  for  exact  correspondence  between 
the  engineering  and  the  second-order  Taylor  expansion  approaches 
in  the  three-variable  case,  and 
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-  Analysis  of  a  more  general  elasticity  of  substitution 
between  the  imported  and  domestic  capital  stock. 

•  Implementation  of  the  technological  transfer  experimental  condi¬ 
tion  in  the  SRI-WEFA  SOVMOD  III  model  using  revised  import 
demand  equations,  to  include: 

-  Testing  alternative  specifications, 

-  Re-estimation  of  the  ratio  of  marginal  products  of  imported- 
to-domestic  machinery  with  the  VES  production  function  and  the 
technology  transfer  impact  of  "learning  by  importing", 

-  Empirical  testing  of  the  military  necessity  hypothesis,  and 

-  Extension  of  the  military  necessity  hypothesis  to  the  import 
of  CMEA  (Council  of  Mutual  Economic  Assistance)  machinery  and 
equipment  by  the  USSR. 


•  Methodological  research  involving  the  utilization  of: 

-  Statistical  data  for  comparison  of  the  major  parameters 
(e.g.,  operating  budget,  military  R&D,  and  procurement)  of 
alternative  baseline  estimates,  to  include:  the  analysis  of 
the  statistical  relationships  among  these  parameters  (as 
reflected  in  Section  2.6.1),  and 

-  Classified  data  to  implement  the  statistical  tests  for  the 
base  year  and  growth  percentage  parameters  (as  reflected  in 
Section  2.7),  and 

•  Analysis  of  the  possible  interdependence  of  the  methodology 
and  information  error  terms  in  the  alternative  estimation 
techniques  over  time  (as  reflected  in  Section  2.10.2). 
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AN  ANALYSIS  OF  METHODOLOGIES  AND  TECHNIQUES 
FOR  ESTIMATING  SOVIET  RESOURCE  ALLOCATION 


1.0  INTRODUCTION 


The  objectives  of  the  research  reflected  in  this  s.umma ry  report  are 
to  characterize  and  analyze  current  methodologies  and  techniques  for 
estimating  Soviet  resource  allocation  and  to  identify  and  define  possible 
new  methodologies  and  techniques.  The  need  for  such  research  was  high¬ 
lighted  during  the  course  of  a  workshop  sponsored  by  the  Office  of  Naval 
Research  (ONR)  on  economic  conflict.  A  major  topic  on  the  agenda  for  this 
workshop  was  a  discussion  of  the  problems  involved  in  estimating  Soviet 
national  security  expenditures  (NSE).  The  discussion  of  this  topic  and 
the  need  for  further  research  are  reflected  in  the  following  extract  from 
the  report  on  the  workshop: 

In  an  effort  to  determine  just  how  "tight  the  defense  shoe 
pinches”  in  the  U.S.S.R.  and  to  speculate  what  this  might 
mean  for  Soviet  priorities  and  objectives,  estimates  of  the 
level,  the  rate  of  growth,  and  the  share  of  GNP  of  Soviet 
defense  expenditures  were  discussed. . .Suffice  to  state  that 
Soviet  defense  expenditures  seem  to  be  growing  at  a  higher 
rate  than  previously  estimated.  To  some,  this  trend  suggests 
the  possibility  that  at  a  future  date,  the  Soviet  Union  might 
resort  to  "gunboat  diplomacy"  or  military  adventurism  in 
order  to  alleviate  its  domestic  pressures.  Others  felt  that 
such  scenarios  are  farfetched. . . Addi tionally,  some  participants 
expressed  surprise  that  significant  methodological  differences 
with  respect  to  the  various  methods  of  estimating  Soviet 
defense  expenditures  do  exist  and  have  not  yet  been  resolved. 1 

Subsequently,  the  Office  of  Naval  Research  did  establish  a  research  program 
with  the  basic  objective  of  investigating  current  and  possible  new  methodo¬ 
logies  and  techniques  for  estimating  Soviet  resource  allocation--in  particular, 
Soviet  national  security  expenditures  (NSE).  This  report  presents  some  initial 
results  of  the  research  performed  within  this  program  to  date  and  outlines  some 
potential  areas  of  research  for  the  continuation  of  tne  program.  The  need  for 


*  Economic  Conflict  and  National  Security  Research  by  Rex  D.  Minckler  and 
Richard  G.  Rebh,  General  Electric  Company  Center  for  Advanced  Studies  (GE- 
TEMPO),  GE  77  TMP-5,  Appendix  D,  page  12,  February  22,  1977.  In  order  to 
provide  ready  reference  to  Appendix  3  of  GE  77  TMP-5,  it  has  been  reproduced 
in  its  entirety  as  Appendix  D  of  this  report. 
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sucn  research  has  also  been  cited  in  a  recent  staff  study  by  the  Joint 

economic  Committee  of  Congress  which  recommended  that  "a  determination 

should  be  made  about  the  merits  of  the  various  -etnods  for  estimating 

2 

Soviet  defense  spending". 


1.1  AN  OVERVIEW  OF  THE  REPORT 


The  scope  of  this  report  may  be  briefly  summarized  as  follows: 

•  An  overview  providing  some  background  and  initial 
insights  into  the  major  sections  of  the  report; 

•  A  review  of  currently  identified  methodologies  for 
estimating  Soviet  NSE  and  their  associated  numerical 
estimates,  to  include: 

-  A  discussion  of  the  implications  of  alternative 
estimates  of  Soviet  NSE  from  the  standpoint  of 
overall  ex  post  Soviet  resource  allocation,  and 

-  A  review  of  the  Bergendorff-Strangert  Model  for 
purposes  of  illustrating  ex  ante  trade  offs  in 
resource  allocation  and  the  introduction  of  an 
energy  constraint; 

•  A  review  of  the  Stanford  Research  Institute  and  Wharton 
Econometric  Forecasting  Associates  (SRI-WEFA)  Econometric 
Model  of  the  Soviet  Union  (SOVMOD  III)  as  a  proposed 
research  tool  for  examining: 

-  The  need  for  expansion  of  the  production  function 
specification  beyond  the  Cobb-Douglas  case, 

-  The  projected  economic  burden  of  Soviet  NSE  by 
economic  sector  incorporating  the  generalized 
input-output  methodology  which  is  described  in 
Appendix  B  of  this  report,  and 

-  The  technology  transfer  issue  and  an  hypothesis  that 
the  Soviet  Union  imports  machinery  from  the  West  as  a 
matter  of  military  necessity; 

•  A  summary,  with  observations  and  conclusions;  and 

•  A  series  of  appendices  containing  the  more  technical 
information  and  analyses  and  a  selected  bib! iography . 


Western  Perception  of  Soviet  Economic  Trends  by  Ralph  F.  Kaufman  for  the 
Joint  Economic  Committee  of  Congress ,  March  6,  1978,  page  18. 
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I 

1.1.1  Current  Metnodologies 

Eignt  methodologies  tor  estimating  Soviet  NSE  ray  be  identified  as 
f o 1 1 ows : 

•  The  Official  Soviet  Defense  Budget  (i.e.,  "Soviet  estimates"1; 

•  The  Original  Budgetary  Tecnnique,  i.e..  International  Institute 
of  Strategic  Studies  ;IISS)  estimates; 

•  The  FNE  and  BE  Residuals  Technique  (i.e.,  SIPRI  estimates);^ 

•  The  Revised  Budgetary  Technique  (i.e.,  Stanley  Cohn's 
estimates) ; 

•  The  Production  Residual  Estimation  Technique  (i.e.,  William 
T.  Lee's  estimates) ; 

•  The  National  Expenditure  Method  (i.e.,  French  estimates); 

•  The  Direct  Costing  Technique  (i.e.,  CIA  estimates);  and 

•  The  External  Information  Method  (i.e.,  Chinese  estimates). 

In  addition,  "according  to  the  CIA. . .Enqland  and  West  Germany  have  direct- 

4 

costing  efforts  of  their  own  underway,"  but  details  with  respect  to  these 
methodologies  are  not  currently  available  and  are  not  included  in  this  report. 
The  basic  reason  for  this  variety  of  methodologies  is  that  there  are  differences 
among  individuals  and  agencies  with  respect  to  their  perceptions  and  interpreta¬ 
tions  of  what  actually  constitute  Soviet  national  security  expenditures. 

An  initial  insight  into  some  of  the  current  methodologies  for  estimating 
Soviet  NSE  was  provided  during  the  aforementioned  worksnop  on  economic  conflict 
by  Mr.  John  Paisley^,  who  observed  that: 

^  FNE,  BE,  and  SIPRI  are  abbreviations  for  tne  following  terms:  Financing  the 
National  Economy  (FNE)  component  of  the  USSR  State  budget.  Budgetary 
Expenditure  (BE),  and  the  Stockholm  International  Peace  Research  Institute 
(SIPRI). 

Op.  Cit.,  Western  Perceptions  of  Soviet  Economic  Trends,  page  15. 
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Consultant  and  former  Deputy  Director  for  Strateoic  Research,  Central 
Intelligence  Agency  (CIA). 
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The  first  approach  is  the  study  of  national  security  outlays 
through  a  combi nati on  of  various  forms  of  Soviet  economic 
statistics  and  a  knowledge  of  Soviet  economic  theory  and 
practices.  The  second  approacn  is  the  direct  costing  of 
known  and  estimated  Soviet  military  forces,  programs,  and 
activities .. .Over  time,  tnis  (direct  costing)  technique  was 
refined  and  developed  into  a  full  matrix  of  known  and 
estimated  cost-generating  activities  of  the  Soviet  military 
establ i shment .. .Unfortunately ,  the  level  of  specificity 
involved  in  the  computations  and  provided  in  the  output 
tended  to  give  many  users  of  the  data  a  misplaced  confidence 
in  the  precision  of  the  results.  Several  sources  of  error 
were  possible,  such  as  errors  in  the: 

•  Physical  size  of  the  forces  and  their  activities, 

•  Dollar  costs  associated  with  particular  weapons  or 
other  economic  inputs,  and 

•  Ruble  values  estimated  either  directly  or  indirectly 
through  dol 1 ar-to-rubl e  conversion  equations... 

Turning  now  to  the  budget  or  statistical  data  approach,  we  see 
that  the  strengths  and  weaknesses  are  inverted.  For  example, 
to  the  extent  that  one  can  successfully  derive  a  reasonably 
confident  measure  of  military  expenditures  from  internal  Soviet 
statistical  data,  we  would  have  to  assume  that  it  represented 
a  fair  approximation  of  how  the  Soviets  view  their  own  outlays 
for  defense.  Of  course,  there  is  no  assurance  that  a  Soviet 
set  of  accounts  would  be  translatable  directly  into  the  U.S. 
structure,  but  one  would  expect  that  all  major  activities  would 
be  accounted  for.  The  weaknesses  of  the  budget  data  approach 
are  basically  twofold.  First,  virtually  no  definitional  detail 
is  possible  with  this  approach.  Depending  upon  the  particular 
technique  used,  claims  may  be  advanced  that  operating  and  main¬ 
tenance  (O&M)  costs,  and  perhaps  procurement,  can  be  isolated. 

Beyond  that,  there  is  no  way  that  one  can  even  hope  to  further 
disaggregate  to  the  military  mission  or  force  level.  The  second 
and  most  telling  weakness  of  the  budget  or  statistical  data 
approach  is  that  the  community  of  reputable  and  experienced 
scholars  who  have  worked  on  this  problem  do  not  agree  among 
themselves  on  the  results  that  it  produces. 6 

In  light  of  the  problems  identified  in  the  foregoing  extract,  the 
underlying  philosophy  of  the  current  research  program  has  been  to  develop 
a  common  frame  of  reference  or  "language"  by  means  of  which  the  principles, 
assumptions,  relationships,  and  techniques  associated  with  the  estimation  of 
Soviet  NSE  may  be  made  more  explicit.  To  this  end,  the  review  of  the  fore¬ 
going  diverse  methodologies  in  this  report  will  utilize  a  common  frame  of 

^  Appendix  D,  pages  D- 15  and  D- 17  to  D- 19 . 


reference  based  upon  the  major  categories  of  Soviet  NSE. 


1.1.2  Baseline  Estimates 


Utilizing  these  methodologies,  a  set  of  baseline  estimates  of  Soviet  USE 
in  current  rubles  for  the  period  1960-1975  was  generateo--a  brief  overview  of 
wnicn  is  presented  in  Tablel.O.  The  obvious  differences  in  the  estimated  values 
of  Soviet  NSE  reflect  the  need  for  adjustments  in  the  estimates  of  Soviet  GNP, 
as  well  as  in  its  major  components,  such  as  Consumption,  Investment,  and  non¬ 
defense  Government  spending.  The  implication  of  these  differences  in  estimates 
from  tne  standpoint  of  overall  ex  post  Soviet  resource  allocation  was  reflected 
in  tne  following  observations  by  Dr.  Steven  Roset'ielde  during  tne  workshop  on 
economic  conflict: 

When  you  recapi tul ate ,  you  want  to  make  sure  that  you  can 
account  for  the  total  allocation  of  the  gross  national 
product  in  the  Soviet  Union.  Previously,  we  said  "X" 
share  of  GNP  is  investment;  "V"  share  is  consumption;  "Z" 
share  is  military  expenditures;  and  there's  a  little 
residual.  Now,  we're  saying  that,  in  terms  of  our  ruble 
values  of  the  Soviet  gross  national  product,  more  is  being 
spent  on  the  military  than  can  be  provided  by  the  gross 
national  product.  We  want  to  know  where  it  is . 

At  a  recent  seminar  in  Cambridge,  Massachusetts,  Mr.  Douglas 
Diamond  and  some  other  members  of  the  CIA  admitted  that 
25  billion  rubles  of  Soviet  GNP  (for  19~0)  could  not  be 
accounted  for  in  Soviet  national  income  accounts  due  to 
revision  of  the  estimates  of  Soviet  defense  expenditures . 

But,  there  are  two  hypotheses.  Either  there's  a  much  more 
rapid  inflation  in  defense  than  elsewhere  in  the  ^Soviet) 
economy,  or  real  defense  expenditures  have  grown  much 
faster  than  previously  supposed ...  I f  you  look  at  the 
physical  composition  of  the  procurement,  you  can  postulate 
very  large  increases  in  costs  for  the  same  things.  An 
alternative  explanation  exists,  which  is  that  the  equipment 
is  getting  much  more  sophisticated. 

The  distribution  of  Soviet  GNP  in  the  national  income  account  among  Consumption 
Investment.  Defense  spending,  and  non-defense  Government  spending  is  essential  1 
an  accounting  identi ty— not  a  behavioral  equality.  Moreover,  it  is  ipparent 


Appendix  D,  pages  0-26  ,  0-27 ,  and  D-30. 


Aii  Overview  of  Curiont  Baseline  Estimates  oi  Soviet  national 
Security  Expenditures  (USE)  from  1960-1975 


I 

I 
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that  Soviet  NSE  must  be  evaluated  witnin  the  framework  of  the  Soviet 
national  income  account.  This  summary  report  therefore  provides  an 
empirical  evaluation  of  all  the  baseline  estimates  witnin  tne  framework 
of  the  Soviet  GNP  accounting  identity  from  '.970  to  1975. 

1.1.3  The  5ergendorff-$trangert  Mooel 

Another  aspect  of  the  analysis  of  Soviet  •-esource  allocation  involves 
the  differences  in  opportunity  costs  which  result  from  the  utilisation  of 
alternative  methodologies  for  estimating  Soviet  NSE.  The  examination  of 
these  differences  requires  an  econometric  model  and  a  determination  of  the 
behavorial  equality  of  Soviet  GNP  with  its  component  elements  (i.e., 
Consumption,  Investment,  Defense  and  Non-Defense  Government  spending).  In 
this  context,  a  brief  review  of  the  Bergendorff-Strangert  Model,  whicn 
emphasises  the  influence  that  the  rate  of  growth  of  Soviet  NSE  exerts  upon 
overall  resource  allocation,  is  presented  in  this  report.  A  more  detailed 
discussion  of  the  various  experiments  which  may  be  performed  with  the 
Bergendorff-Strangert  Model  is  provided  in  Apoendix  C,  to  include  the 
introduction  of  an  energy  constraint. 

1.1.4  The  SRI-WEFA  Econometric  Model 

The  workshop  on  economic  conflict  also  provided  a  forum  for  the  enun¬ 
ciation  of  the  following  hypotheses  by  William  T.  Lee  with  respect  to  Soviet 
opportunity  costs: 

On  the  subject  of  opportunity  costs,  the  hypothesis  I  would  like 
to  offer  goes  something  like  this:  the  opportunity  cost  of 
defense  expenditures  in  the  Soviet  Union  is  very  high  because, 
first  of  all,  there's  a  fairly  direct  trade  off  between  defense 
and  investment.  There's  not  much  of  a  trade  off  between  defense 
and  consumption,  at  least  not  directly  and  in  the  short  run.  In 
the  longer  run,  there  is  a  trade  off,  but  in  the  short  run,  it's 
very  much  defense  versus  investment. 

I  would  also  advance  the  hypothesis  that  the  rising  cost  of 
weaponry  is  one  of  the  primary  causes  for  the  very  low  pro- 
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portion  of  durables  in  Soviet  investment  outlays.  In  other 
words,  for  each  new  ruble  of  investment,  only  about  35  xopecks 
are  allocated  to  durables;  the  rest  goes  into  brick  and  mortar. 

If  you  deduct  housing  and  some  other  things,  the  ratio  is  still 
only  about  40  percent.  I  nave  seen  Soviet  explanations  of  tms 
subject  which  allege  that,  in  other  Western  countries,  this 
ratio  is  much  higher... If  this  is  the  case  and  if  the  low  ratio 
of  producer  durables  in  Soviet  investment  outlays  has  something 
to  do  with  defense  expenditures,  then  I  would  argue  that,  as  a 
hypothesis,  there  is  a  relative  shortage  of  producer  durables 
which  adds  to  the  difficulty  of  substituting  capital  for  labor 
in  the  Soviet  economy.  This  situation  is  evidenced  by  the 
relatively  modest  contribution  of  technology  to  the  growth  of 
output  in  Western  analyses  of  the  production  function  of  the 
Soviet  economy. 

The  hypothesis  which  I  would  like  to  suggest. ..is  that  the 
opportunity  cost  of  defense  expenditures  in  the  Soviet  Union 
is  high  because: 

•  There  is  a  direct  trade  off  between  investment  and 
defense  and,  wnen  you  increase  defense,  it  inhibits 
the  growth  of  investment,  and 

•  The  composition  of  investment  is  not  conducive  to  a 
high  growth  rate  or  to  the  achievement  of  a  hign  rate 

of  substitution  of  capital  for  labor  due  to  the  extremely 
low  ratio  of  producer  durables  in  new  investment  as  a 
result  of  the  "drainoff"  into  defense. 3 

'he  foregoing  hypotheses  are  evaluated  in  Appendix  C  of  this  report,  which 
also  suggests  the  application  of  tne  Stanford  Research  Institute  and  Wharton 
Econometric  Forecastinq  Associates  (SRI-WEFA)  Econometric  Model  of  the  Soviet 
Union  (S0VM0D  III)  as  an  appropriate  tool  and  controlled  environment  for 
analysis  and  experimentation.  In  this  context, 

•  Evidence  to  eval uate  the  initial  hypothesis  pertaining  to 
opportunity  costs  is  provided  in  a  recent  SRI  report  4 
to  the  U.S.  Arms  Control  and  Disarmament  Agency  (ACDA).' 

The  necessary  generalization  of  the  production  function 
specification  from  the  Cobb-Douglas  to  the  Constant 
Elasticity  of  Substitution  (CES)  form  is  described  in 
Appendix  C,  which  also  proposes  that  the  experiments 
performed  for  ACDA  by  SRI-WEFA  be  repeated  using  a  new 
"short  run"  version  of  the  CES  production  function  wnicn 
has  been  recently  developed  and  has  a  Variable  Elasticity 
of  Substitution  (VES)  form.-*-1 


Appendix  D,  oaqes  D-S  and  D-9. 
o 

‘  Daniel  L.  3ond  and  Donald  W.  Green ,  Reanalyzing  tne  Place  of  \ationai 
Defense  in  the  Soviet  Economy,  SSC-TN-5 '90- 1 ,  Stanford  Research 
Institute,  July  197“. 

xarl  W.  Roshamp,  "A  Generalized  Production  Function  for  West  German 
Industries,"  Weltwirtschaftliches  Archiv,  Sand  112,  Heft  A,  1976,  pages 
7*19-75  3 . 
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•  The  otner  hypothesis  pertaining  to  opportunity  cost  ray  be 
rei nterpreted  in  terms  of  the  "military  necessity"  of 
machinery  imports  from  the  West  in  the  Soviet  production 
process  for  the  purpose  of  augmenting  tne  relative  shortage 
of  domestic  "producer  durables".  Recent  macroeconometric 
evidence  with  respect  to  the  significance  of  machinery 
imports  into  the  Soviet  Union  supports  this  interpretation 
of  the  second  hypothesis.^  The  methodology  required  to 
test  this  hypothesis  is  also  developed  in  Appendix  C. 


1.1.5  Economic  Burden  Analysis 


The  report  also  presents  an  economic  burden  analysis  of  competing  uses 

of  Soviet  labor  and  capital  resources.  This  analysis  extends  the  sectoral 

burden  analysis  of  the  Soviet  civilian  labor  force,  which  was  described  in  a 
1 2 

recent  draft  report,  by  incorporating  new  data  with  regard  to  labor  skills 
by  sector.  In  addition,  the  use  of  average  capital  utilization  coefficients 
and  both  fixed  and  inventory  capital  stock  estimates  permits  a  sectoral 
burden  analysis  of  the  Soviet  total  stock  of  sectoral  capital  resources.^ 

A  detailed  description  of  this  generalized  economic  burden  analysis  for  Soviet 
labor  and  capital  resources  is  provided  in  Appendix  B. 


This  report  terminates  with  a  summary  section  containing  observations, 
tentative  conclusions,  and  recommendations  for  future  research. 


*  Oonald  W.  Green  and  Herbert  S.  Levine,  "Macroeconometric  Evidence  of  the 
Value  of  Machinery  Imports  to  the  Soviet  Union,"  reproduced  in  Soviet 
Science  and  Technology:  Domestic  and  Foreign  Perspectives  and  edited  by 
J.R.  Thomas  and  U.M.  <ruse-Vaucienne,  George  Washington  Un i ve rs i ty , 
Washington,  D.C.,  1977,  pages  394-412.  The  military  necessityfor  Soviet 
acquisition  of  Western  technology  through  the  import  of  machinery  is  also 
highlighted  in  William  E.  Odom’s  article  on  "The  Soviet  Military  and  Foreign 
Policy"  in  Survi val  ,  November/ December  1975  ,  page  278. 

12 

Steven  Rosefielde,  A  Preliminary  Net  Assessment  of  the  Civilian  Labor  corce 
Devoted  to  the  Production  or  defense  Goods  in  the  United  States  and  the 
Soviet  Union,  GE-TtMPO  draft  report,  GE  76  TMP-548,  October  1977. 

13 

Stanley  Cohn,  "The  Economic  Burden  of  Soviet  Defense  Outlays,"  Joint  Economic 
Committee,  Economic  Performance  and  the  Military  Burden  in  the  Soviet  Union, 
1970,  pages  166-1881  New  data  witfi'  regard  to  capital  stock  durability  by 
sector  have  been  incorporated  in  the  analysis. 
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2.0  A  REVIEW  OF  CURRENT  METHODOLOGIES 


As  previously  indicated,  the  basic  reason  for  the  variety  of  current 
methodologies  for  estimating  Soviet  NSE  is  that  there  are  differences  among 
individuals  and  agencies  with  respect  to  their  perceptions  and  interpretations 
of  what  actually  constitute  Soviet  national  security  expenditures.  This  sec¬ 
tion  of  the  summary  report  will  review  the  rationale  or  pnilosopny,  as  well 
as  the  fundamental  principles,  assumptions,  and  relationships,  associated 
with  each  of  the  following  methodologies. 

•  The  Official  Soviet  Defense  Budget  (i.e.,  "Soviet  estimates"), 

•  The  Original  Budgetary  Technique  (i.e.,  International  Institute 
of  Strategic  Studies  estimates), 

•  The  FNE  (Financing  the  National  Economy)  and  BE  (Budgetary 
Expenditures)  Residuals  Technique  (i.e.,  Stockholm  International 
Peace  Research  Institute  estimates), 

•  The  Revised  Budgetary  Technique  (i.e.,  Stanley  Cohn's  estimates) 

•  The  Production  Residual  Estimation  Technique  (i.e.,  William  T. 

Lee 's  estimates) 

•  The  National  Expenditure  Method  (i.e.,  French  estimates), 

t  The  Direct  Costing  Technique  (i.e.,  CIA  estimates),  and 

•  The  External  Information  Method  (i.e.,  Chinese  estimates). 


2.1  TERMS  OF  REFERENCE 


Soviet  defense  expenditures  may  be  estimated  in  rubles  or  in  dollars,  or 
even  in  some  other  currency,  depending  upon  the  basic  reason  for  estimating 
NSE  in  the  first  place.  Again,  as  explained  in  the  SIPRI  Yearbook: 

The  main  reason  for  wanting  to  know  the  level  of  a  country's 
military  expenditure  in  local  currency--in  this  case  rubles-- 
is  that  this  gives  a  rough  idea  of  the  amount  of  military 
activity;  that  is,  it  gives  an  indication  of  wnether  the 
overall  size  of  the  military  establishment,  and  the  quantity 

*  This  technique  provides  two  alternative  estimates  of  Soviet  NSE  based  upon 
the  use  of  two  different  sources  of  information  for  Soviet  procurement 
expenditures  (i.e.,  a  State  Reserves  basis  vs  a  Final  Demand  basis). 

^  This  technique  also  provides  two  alternative  estimates  of  Soviet  NSE  based 
upon  the  use  of  two  different  sources  of  information  for  Soviet  production 
expenditures  (i.e.,  an  Establishment  basis  vs  a  Commodity  basis). 


of  resources  it  absorbs,  is  rising  or  falling  over  time.  In 
addition,  it  is  useful  to  have  an  indication  of  the  economic 
burden  of  defense  in  order  to  be  able  to  assess: 

a.  the  extent  to  wnich  economic  constraints  will  inhibit 
an  acceleration  of  military  expenditure  or  maintenance 
of  the  existing  rate  of  growth;  and 

b.  the  extent  to  which  economic  factors  may  figure  in  a 
country's  attitude  toward  the  desirability  and  feasi¬ 
bility  of  arms  control  and  disarmament. 

The  reason  for  wanting  to  be  able  to  convert  the  military 
expenditures  of  different  countries  to  a  common  currency-- 
usually  dollars--is  to  permit  an  estimate  to  be  made  of  the 
global  diversion  of  resources  to  military  uses,  that  is,  of 
the  global  size  of  the  military  establ ishment. 16 

All  estimates  of  Soviet  NSE  presented  in  this  report  will  be  expressed  in  rubles, 
which  is  a  direct  reflection  of  the  importance  attached  to  possible  trade  offs 
in  Soviet  resource  allocation  and  to  the  economic  burden  of  defense--as  was 
highlighted  in  the  workshop  on  economic  conflict  and  reflected  in  Appendix  D 
of  this  summary  report. 

Again,  for  the  purposes  of  this  report,  the  major  components  of  Soviet 
NSE  are  identified  as  shown  in  Table  2.0.  Most  of  the  methodologies  discussed 
in  this  report  are  concerned  with  the  estimation  of  the  Usual  Components  of 
Soviet  military  expenditures  identified  in  Section  I  of  Table  2.0.  The  Additional 
Components  are  not  generally  estimated  due  to  the  lack  of  sufficient  information. 

The  two  line  items  in  the  Soviet  budget  which  are  generally  used  in  all 
of  the  methodologies  for  estimating  Soviet  NSE  are  Science  and  Defense,  which 
apDear  in  Groups  II  and  III,  respectively,  of  the  State  Budget  of  the  USSR. 

In  most  of  the  methodologies,  the  numerical  estimates  are  systematically  related, 
in  an  explicit  way,  to  these  two  line  items  of  the  Soviet  budget.  Generally 
speaking,  the  Defense  line  item  is  believed  to  contain  the  Operating  Budget 
expenditures  (i.e.,  components  1,  2,  and  3  in  Table  2.0)  and  perhaps  Military 
Construction  (i.e.,  component  6  in  Table  2.0).  The  Science  line  item,  on  the 
other  hand,  is  generally  believed  to  contain  some,  if  not  all  of  the  Research  and 


World  Armaments  and  Disarmament,  the  Stockholm  International  Peace  Research 
Institute  (SIPRI)  Yearbook,  the  MIT  Press,  London,  England,  page  174. 
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The  Major  Components  of  Soviet  National  Security  Expenditures 


1 


I:  Usual  Components  of  Military  Expenditures 


1. 

2. 

3. 

4. 

5. 

6. 


Pay  and  allowances  of  military  personnel 
Pay  of  civilian  personnel 
Operations  and  maintenance 
Procurement 

Research  and  development 
Construction 


II:  Additional  Components  of  Military  Expenditures 


7.  Pensions  to  retired  military  personnel 

8.  Mil itary  aid 

9.  Civil  defense 

10.  Paramilitary  forces 

11.  Military  aspects  of  atomic  energy,  space,  etc. 
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Development  (R&D)  expenditures  (i.e.,  component  5  in  Table  2.0).  Military  Pro¬ 
curement  expenditures  are  generally  estimated  by  means  of  special  techniques 

18 

which  uniquely  identify  each  of  the  methodologies.*  The  Soviet  Defense  and 
Science  line  items  of  the  budget  are  presented  in  Taole  2.1  for  the  period  1960-1975 


In  discussing  the  various  methodologies,  the  following  generic  terms  will 
be  used  to  define: 

•  An  information  error--which  reflects  an  insufficient  amount  of 
valid  sample  information,  as  well  as  the  inclusion  of  erroneous 
information  with  regard  to  the  estimation  of  Soviet  NSE;  and 

•  A  methodology  error--which  reflects  the  inapDropriate  use  of 
all  available  sample  information  with  respect  to  the  estimation 
of  Soviet  NSE. 


u  Abranam  S.  Seeker,  Military  Expenditure  limitation  for  Arms  Control :  Proolems 

and  Prospects,  Ballinqer,  "Cambridge,  1977,  Taole  2-1,  pace  13. 

10  ' 

The  CIA  Direct  Costing  Technique,  which  appears  to  be  the  least  dependent  upon 
statistical  data  in  the  puolished  Soviet  budget,  nonetheless  uses  tne  Science 
line  item.  Moreover,  until  recently,  CIA  estimates  of  the  Soviet  Operating 
Budget  were  very  closely  correlated  with  the  Defense  line  item — whicn  esta¬ 
blishes  an  implicit  relationship. 


Table  2.1 

A  Chronological  Summary  of  the  Defense  and  Science  Line 
Items  of  the  Official  Soviet  Budget  19 
(in  billions  of  current  rubles) 


Year 

Defense  Line  Item 
(Defense)^ 

Science  Line  Item 
(Science)t 

I960 

9.3 

3.9 

1961 

11.6 

4.5 

1962 

12.6 

5.2 

1963 

13.9 

5.8 

1964 

13.3 

6.4 

1965 

12.8 

6.9 

1966 

13.4 

7.5 

1967 

14.5 

8.2 

1968 

16.7 

9.0 

1969 

17.7 

10.0 

1970 

17.9 

11.7 

1971 

17.9 

13.0 

1972 

17.9 

14.4 

1973 

17.9 

15.7 

1974 

17.7 

16.5 

1975 

17.4 

17.5 

Within  the  context  of  these  definitions,  the  overall  impact  of  an  information 
error  may  not  necessarily  be  an  underestimate  of  Soviet  defense  spending  due  to 
the  presence  of  erroneous  information.  Moreover,  the  overall  impact  of  a 
methodology  error  may  be  either  an  overestimate  or  underestimate  of  Soviet 
defense  spending.  If  the  assumptions  and  relationships  associated  with  a 
particular  estimating  principle  are  correct,  then  the  methodology  is  using  all 
of  the  available  sample  information  in  an  appropriate  manner.  On  the  other 
hand,  if  the  underlying  assumptions  and  relationships  are  incorrect,  then  a 
methodology  error  may  be  said  to  exist.  More  technical  definitions  of  an  infor¬ 
mation  error  in  terms  of  a  "sufficient  statistic"  and  of  a  methodology  error 
in  terms  of  "bias",  "consistency",  and  "minimum  variance"  will  be  introduced 
later  in  this  report. 


19 

The  figures  in  this  table  are  based  upon  the  data  in  Tables  E.6  and  D.13 
on  pages  311  and  288,  respectively,  of  William  T.  Lee's  book.  The  Estimation 
of  Soviet  Defense  Expenditures,  1955-75:  An  Unconventional  Approach,  Praeger, 
New  York,  1977^ 
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2.1.2  A  General ization  of  the  Methodologies 

\  general  i ration  ot  the  eight  so-called  baseline  rethedologies  i>«v  he 
expressed  in  terms  ot  the  data  in  Table  2.1  and  the  following  identity 

0U*«  it( Defense *■  8^(Science)t  +  Y  it  +  i  it  H) 

where  DJt  Is  the  estimated  level  of  Soviet  defense  spendinq.  utilizing  the  ith 
baseline  methodology,  and  the  fll^,  6^,  y^.  and<J^  terms  relate  to  the 
Operating  Budget.  Military  RAO,  Procurement,  and  all  other  expenditures  in  Table 

2.0,  respectively.  The  i.,  parameter  will  be  subsequently  associated  with  a 
composite  error  term. 


2.2  THE  OFFICIAL  SOVIET  DEFENSE  BUDGET 


Obviously,  the  most  straight-forward  approach  to  the  estimation  of  Soviet 
NSE  is  simply  to  accept  the  official  defense  budget  which  is  published  annually 
by  the  U.$.$.R.--and  this  has  been  identified  as  the  first  of  the  eight  methodo¬ 
logies.  However,  as  indicated  in  the  following  extract  from  the  SIPR!  Yearbook 
(1974),  there  is  good  reason  to  believe  that  the  official  defense  budget  does  not 
reflect  all  of  the  Soviet  NSE: 

It  is  convenient  to  start  by  indicating  briefly  why  the  subject  of 
Soviet  military  expenditure  has  received  so  much  attention,  even 
though  a  figure  for  defense  expenditure  is  published  annually  in 
the  Soviet  Union.  Perhaps  the  most  persuasive  reason  is  that  if 
the  published  defense  budget  is  converted  to  dollars  at  the  official 
exchange  rate,  the  level  of  Soviet  expenditure  relative  to  that  of 
the  United  States  and  other  countries  is  not  consistent  with  other 
available  evidence  on  the  comparative  site  of  their  military  establish¬ 
ments.  For  example,  in  1972  the  dollar  equivalent  of  Soviet  military 
spending  on  this  basis  was  $21.6  billion,  while  US  spending  amounted 
to  $78.2  billion,  or  rough tly  $71  billion  if  the  incremental  cost,  of 
the  Vietnam  War  is  excluded.  The  difference  is  so  great--almost  *oi.r- 
fold--as  to  cast  doubt  on  the  defense  budget,  on  the  <’xc!iangr  rate  used 
to  convert  this  to  dollars  or  on  both. 

In  view  of  these  various  considerations ,  it  seems  reasonable  to  ldopt 
the  working  hypothesis  that  the  published  defense  budget  does  aot 
cover  all  expenditures  for  military  purposes. -0 
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the  SI  PR  I  Yearbook  y 19 '4 ) .  pages  172  and  19 ’4. 


Op .  C i t . , 


Application  of  the  generalized  identity  of  Equation  (1)  to  the  Official 
Soviet  Defense  Budget  is  based  upon  the  following  assumptions,  which  may  be 
substituted  in  ( 1) : 

=  1  and  3lt  =  =  6^  =  0  for  all  t  time  periods.  (2) 

Obviously,  the  results  are  trivial.  However,  as  previously  indicated  in  the 
extract  from  the  SIPRI  Yearbook,  the  hypothesis  that  certain  categories  of 
national  security  expenditures  have  been  systematically  excluded  from  the  Defense 
line  item  may  now  be  interpreted  as  a  rejection  of  the  assumptions  in  (2). 


2.3  THE  ORIGINAL  BUDGETARY  TECHNIQUE 


The  second  baseline  methodology  was  developed  by  the  London-based  Interna¬ 
tional  Institute  of  Strategic  Studies  (IISS)  and  is  briefly  described  as  follows: 

A  crude  comparison  of  Soviet  and  American  defense  efforts  can  be 
derived  by  estimating  Soviet  expenditure  and  GNP  at  American  dollar 
prices.  This  method  has  as  many  deficiencies  as  measuring  in  roubles, 
but  gives  a  completely  different  picture.  The  table  below  shows  the 
wide  range  of  estimates  of  the  relative  burden  of  defence  that  the 
two  methods  give. 


Soviet  Defense  Expenditure 

Bill ionsa 

As  -o  of  GNP° 

1972  1973  1974  T37T1 

'1972  19  7  3  1974 

Roubles 

Dollars:  official  exchange  rate 
Dollars:  estimated  conversion 
rates 

23.4  23.3  23.8  26.2 
28.2  33.1  31.7  36.4 

84.4  38.9  96.4  103.3 

5.7  5.4  5.1 
5.7  5.4  5.1 
10.3  10.5  10.6  ! 

a  The  rouble  defence  expenditure  is  derived  by  adding  75  per  cent  of 
the  All-Union  science  budget  to  the  official  defense  budget.  The 
dollar  expenditure  using  estimated  conversion  rates  is  the  midpoint 
of  a  range  arrived  at  by  the  method  described  in  The  Military  Balance 
1973-4  pp.  8-9,  which  calculates  the  Soviet  manpower  costs  at  American 
military  wage  levels  in  dollars  and  converts  their  non-manpower  budge¬ 
tary  costs  at  a  computed  rate  of  $1=0.5  roubles.  The  1975  official 
exchange  rate  is  $1=0.72  roubles. 

13  The  Readers'  Notes  (p.  vi )  show  how  the  rouble  value  of  Soviet  GNP  is 
estimated. 

The  figure  for  the  dollar  equivalent  of  Soviet  GNP  at  estimated  rates 
was  converted  at  Sl=0.52  roubles.  This  was  derived  by  adjusting  for 
inflation  a  conversion  rate  of  $1=0.59,  which  was  estimated  in  an 
American  study  as  a  suitable  rate  for  1970  compared  with  the  then  ruling 
official  exchange  rate  of  $1=0.9.  21 

International  Institute  of  Strategic  Studies,  The  Mi  1 i tarv  Balance ,  1975-  1976, 
page  10. 
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Application  of  the  generalized  identity  in  Equation  (1)  to  the  1 1 SS 
methodology  is  based  upon  the  following  assumptions,  which  may  be  substituted 
in  ( 1) : 

■^2 £  =  32t  =  2/3  to  3/4,  and  =  0  for  al  1  t  time  periods.  (3) 

As  may  be  observed,  the  assumptions  in  (3)  reflect  the  hypothesis  that  Soviet 
military  Research  and  Development  expenditures  have  been  transferred  from  the 
Defense  line  item  and  constitute  a  percentage  of  the  Science  line  item.  Although 
there  may  be  some  difference  of  opinion  with  regard  to  the  magnitude  of  this 
percentage  (3,t),  the  Original  Budgetary  Technique  may  be  characterized  in 
terms  of  specifying  a  very  systematic  relationship  between  the  Defense  and 
Science  expenditures  in  Table  2.1  as  reflected  in  the  a0(.  and  parameters. 

It  should  be  noted  that  this  particular  methodology  has  been  utilized  by  the 
U.S.  Arms  Control  and  Disarmament  Agency  (ACDA)  with  -  1/2  and  by  Stanley 
Cohn  with  =  but  these  users  have  subsequently  adopted  more  sophisticated 

techniques  .22 


2.4  THE  FNE  AND  BE  BUDGETARY  TECHNIQUE 


The  third  baseline  methodology  is  briefly  described  by  SIPRI  as  follows: 

Every  year  the  Soviet  state  budget  contains  large  sums  of 
money  that  are  unitemized  or  unaccounted  for.  Given  the 
hypothesis  that  the  defense  budget  is  "incomplete,"  these 
residuals  have  naturally  attracted  attention  as  potential 
sources  of  military  expenditures.  The  following  residuals 
are  generally  discussed  in  this  connection: 

1.  The  budgetary  expenditure  (BE)  residual:  for  the  state 
budget  as  a  whole,  the  sum  of  expenditures  under  eacn 
of  the  main  headings  falls  short  of  total  outlays. 

2.  The  national  economy  (FNE)  residual:  the  main  budget 
heading  "financing  the  national  economy"  contains  a 
significant  amount  of  expenditure  in  addition  to  that 
accounted  for  under  the  various  sub-headings. 


22 

For  additional  details,  see  World  Military  Expenditures.  1971,  ACDA, 
Washington,  1972  ,  page  55  and  Stanley  Cohn's  article  on  the  "Economic 
Burden  of  Soviet  Defense  Outlays",  Joint  Economic  Committee  Hearings  on 
Economic  Performance  and  the  Military  Burden  in  the  Soviet  Union,  Washington, 
1970  ,  pages  166- 166 . 


These  budget  residuals  are  not  all  potential  military  outlays. 

The  known  components  of  the  BE  residuals  are  (a)  internal 
security,  (b)  loan  service,  and  (c)  grants  to  investment 
banks.  Similarly,  the  FNE  residual  is  used  to  finance 
subsidies  to  agricultural  procurement  and,  in  some  years, 
agricultural  procurement  itself. 23 

A  summary  of  data  pertaining  to  the  BE  and  FNE  budget  residuals  for  the 

period  1960-1975  is  presented  in  Table  2.2.  Although  there  have  been  attempts 

to  adjust  the  original  BE  and  FNE  residuals  for  the  known  nonmilitary  components 

and  to  obtain  "net  residuals",  they  are  still  not  considered  to  be  "precise 

24 

measures  of  potential  military  outlays".  However,  in  order  to  apply  the 
generalized  identity  of  Equation  (1)  to  this  estimating  methodology  utilizing 
the  original  FNE  and  BE  residuals,  the  following  assumptions,  which  may  be 
substituted  in  (1),  will  be  made: 

a3t  =  83t  =  53t  =  and  Y3t  =  the  sum  and  residuals.  (A) 

By  setting  =  0«  it  is  assumed  that  all  Soviet  military  R&D  expenditures  are 
either  included  explicitly  in  the  budget  residuals  or  are  approximately  equal 
to  the  nonmilitary  components  included  in  these  residuals.  If  this  assumption 
is  false,  then  the  6^  parameter  must  be  nonzero  in  order  to  maintain  the  identity 
in  Equation  (1).  If  all  Soviet  military  R&D  expenditures  exceed  the  nonmilitary 
components  included  in  the  FNE  and  BE  residuals,  6^  will  have  a  positive  value. 

On  the  other  hand,  if  they  are  less  than  the  nonmilitary  components,  then  5^ 
will  have  a  negative  value.  Therefore,  within  the  context  of  this  third  baseline 
methodology,  the  value  of  the  <s^  parameter  reflects  the  quality  of  the  informa¬ 
tion  assumed  to  be  present  in  the  FNE  and  BE  residuals.  When  the  information 
content  is  true,  then  5^  is  zero  and  there  is  no  information  error.  However, 
when  an  information  error  does  exist,  then  6^  will  have  a  nonzero  value.  A  more 
formal  discussion  of  the  information  error  in  terms  of  a  random  variable  with 
a  mean  and  variance  will  be  presented  later  in  this  summary  report.  The  values 
for  the  sum  of  FuE  and  BE  residuals  are  presented  in  Column  3  of  Table  2.2. 

23  Op.  Cit.,  the  SIPRI  Yearbook  (1974),  pages  175-176. 

24  Ibid.,  page  176.  The  original  BE  and  FNE  residuals  are  presented  in  Table 
8B.1  of  the  Yearbook,  while  the  net  BE  and  FNE  residuals  are  presented  in 
Table  8B.2. 
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Columns  and  C  were  extracted  from  tfie  S I P1? I  'earooox  ( 19 '4 ) .  *a0le  38.1,  dace  1.6,  is 
updated  5y  William  ",  Lee  in 
Approach .  Appendix  £,  "aoles 

"he  fi du res  in  loluim  3  were  lerived  oy  adding  Column  1  to  Column  C,  with  the  1971  to  1975 
entr’es  extraoolatad  Oy  means  of  i  curvilinear  orejecfon  technique--which  is  Oased  upon 
the  assumotion  tnat  the  sum  of  the  3E  ind  rN£  -esiduals  oas  a  geometric  trend  '>om  the 
case  year  value  of  CO. CO  for  1970  and  a  rate  of  growth  of  1C.1  jercent  that  -ef’ects  'he 
average  -ate  of  growth  for  the  oerigd  1960-1970.  This  method  of  estimation  is  exolained 
and  i’lustrated  in  j.  Jonnson's  oook  on  Econometric  MetnodS .  1st  edition,  1963.  MeOraw-ni 1 1 , 
lew  ''or*,  paces  0J-J7. 

Columns  a,  5,  a.  ’,  and  3  a-e  oased  joon  Stanley  -i.  Conn's  oaoer  on  "a  3e-£vai uation  of  Sovie 
Ce'ense  Expenditure  Estimates,'  »nich  was  suomitted  to  the  Stanford  Research  Institute  -n 
June  1976  and  ’•evixea  'n  August  1976  is  mown  in  'jpie  C,  oaoe  C3.  of  the  Aooenoix.  Column 
3  *as  lerived  Oy  suotracting  Columns  5,  6,  and  ’  -'rom  Column  a  "he  entries  *n  Columns 
ano  3  designated  with  an  astensx  are  nid-ooints  of  the  original  interval  estimates. 


"he  Estimation  of  Soviet  Expenditures,  1965-75:  An  jncon-entionai 
E.5A  and  £.58,  oaqes  308-309. 


2.5  THE  REVISED  BUDGETARY  TECHNIQUE 


The  fourth  baseline  methodology,  which  is  Professor  Stanley  Cohn's 
Revised  Budgetary  Technique,  assumes  that  all  Soviet  military  R&D  expenditures 
are  included  in  the  Science  line  item.  Professor  Cohn  further  explains  his 
estimating  methodology  for  the  procurement  component  of  Soviet  defense 
expenditures  as  follows: 

Turning  now  to  the  state  budget,  it  would  seem  logical  to 
include  military  accumulation  in  the  form  of  State  Reserves 
in  that  portion  of  the  budget  where  accumulation  is  financed-- 
"Financing  the  National  Economy"  (FNE).  Such  is  indeed  the 
practice... A  recent  detailed  breakdown  of  the  budget  identifies 
specific  expenditure  articles  in  the  FNE  group.  Article  32, 
entitled,  "Other  Expenditures,"  is  defined  to  include  state 
material  reserves,  as  well  as  agricultural  procurement  sub¬ 
sidies,  implementation  of  foreign  trade,  regulation  of  wage 
reforms,  and  temporary  closing  of  construction  projects. 2o 
As  a  proportion  of  FNE  outlays  in  the  1971-75  period.  Article 
32  is  of  major  importance  with  over  half  of  the  total,  some 
228  billion  rubles,  for  the  five  years.27 

Since  the  official  national  income  aggregate  which  includes 
increments  to  State  Reserves  also  includes  increases  in  working 
capital,  and  in  the  volume  of  unfinished  construction,  it  is 
necessary  to  deduct  these  magnitudes  from  the  published  aggre¬ 
gate.  In  addition,  the  estimate  of  increments  to  working  capital 
published  annually  in  Narodnoe  Khoziaistvo  excludes  such 
accretions  by  collective  farms,  so  an  estimate  for  the  latter 
category  must  also  be  deducted  from  the  published  total.  The 
resulting  residual  represents  an  upper  limit  for  military  procure¬ 
ments,  as  the  reserves  accretion  category  like'ly  includes  items 
of  a  non-military  nature!  In  terms  of  current  prices ,2B  a 
relatively  flat  trend  in  the  early  sixties  changes  to  a  sharp 
upward  kink  in  1965,  where  it  again  becomes  relatively  flat  until 
the  early  seventies.  Since  1971,  the  trend  has  again  been  on  a 
higher  plateau. 29 


pc 

V.A.  Evdokimov,  Kontrol  za  ispolnefiiem  qosudarstvennoqo  buidzheta  SSSR, 
1975,  page  31. 

27  Ibid. ,  page  141. 

28 

As  presented  in  Column  8,  Table  2.2  of  this  summary  report  (underlining 
added  for  highlighting  purposes). 

2^  Stanley  H.  Cohn,  "A  Re-Evaluation  of  Soviet  Defense  Expenditure  Estimates," 
revised  version,  August  1976,  pages  2-3. 
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The  original  growth  of  working  capital  and  reserves  is  reflected  in  Column  4 
of  Table  2.2.  In  addition,  the  changes  in  published  working  capital,  in 
unfinished  construction,  and  in  the  working  capital  of  collective  farms  are 
shown  in  Columns  5,  6,  and  7,  respecti vely ,  of  Table  2.2.  Therefore,  the 
State  Reserves  residual,  which  Stanley  Cohn  represents  as  "an  upper  limit  for 
military  procurements,"  is  reflected  in  Column  8  of  the  same  table,  after 
subtracting  Columns  5,6,  and  7  from  Column  4. 

Application  of  the  generalized  identity  in  Equation  (1)  to  Professor 
Cohn’s  Revised  Budgetary  Technique  is  based  upon  the  following  assumptions, 
which  may  be  substituted  in  (1); 

a,t  =  =  1/2  ’  =  and  =  the  change  in  (5) 

L  State  Reserves. 

With  reference  to  the  3  parameter,  it  should  be  noted  that  Stanley  Cohn  has 
revised  his  estimate  from  1,  as  indicated  in  Section  2.3,  to  1/2  and  does 
use  supplementary  information  with  regard  to  the  change  in  State  Reserves 
for  estimating  the  parameter.  More  specifically,  values  for  the  change 
in  State  Reserves  (y^)  may  be  compared  to  the  sum  rf  the  FNE  and  BE  residuals 
(>3t)  in  Table  2.2.  Inasmuch  as  the  latter  sum  is  not  available  from 
published  sources  beyond  1970,  then  the  curvilinear  projection  technique 
previously  described  in  Footnote  25  is  used  to  obtain  the  entries  for  the 
period  1971-1975.  These  values,  which  are  presented  in  the  lower  portion  of 
Column  3  of  Table  2.2,  are  reasonably  close  to  Stanley  Cohn's  changes  in  value 
of  the  State  Reserves  in  Column  8  of  Table  2.2  for  the  period  1960-1965. 

However,  from  1966  to  1969,  the  sum  of  the  BE  and  FNE  residuals  systematically 
exceed  the  changes  in  value  of  the  State  Reserves,  with  an  especially  large 
difference  in  1970.  Therefore,  the  assumption  in  (5)  that  Soviet  military  R&D 
expenditures  are  included  in  the  Science  line  item  (i.e.,  3^t  =  1/2)  and  not 
in  the  change  in  value  of  the  State  Reserves  can  be  compared  to  the  assumption 
in  (4)  that  Soviet  military  R&D  expenditures  are  included  in  the  sum  of  the  FNE 
and  BE  residuals.  In  brief,  there  is  a  significant  difference  in  the  two 
estimating  methodologies  which  are  generalized  in  terms  of  the  different  assump¬ 
tions  expressed  in  (4)  and  (5). 


2.5.1  Alternative  Interpretations 


As  cited  in  Footnote  25,  William  T.  Lee  has  presented  an  alternate 
interpretation  of  the  data  in  Table  2.2  which  Stanley  Conn  used  to  estimate 
the  change  in  State  Reserves  (y4  )  in  (5).  According  to  Sill  Lee, 

Evdokimov  defined  Article  32,  "other  expenditures,"  which 
account  for  more  than  50  percent  of  FINE  outlays  in  1971-75, 
as  including  State  material  reserves,  carrying  on  (osushchestvlenie) 
foreign  trade,  regulating  (uporiadochenie)  wage  reforms,  agricul¬ 
tural  procurement  price  subsidies,  and  temporary  closing  of 
construction  projects.  The  specification  of  State  Reserves  as 
falling  under  Article  32  is  new  information,  although  it  has  long 
been  known  that  State  Reserves  were  financed  from  FINE  and  are  not 
in  working  capital  ,  the  budget  contribution  to  which  is  financed 
from  Articles  28  and  29. 

Exclusion  of  State  Reserves  from  working  capital  is  more  inferential 
and  may  be  disputed  by  some  Western  students.  Most  working  capital 
is  financed  from  ministerial/khozraschet  enterprise  funds  which  tne 
State  budget  supplements  on  a  small  scale.  Similarly,  most  repair 
funds  are  from  nonbudget  sources,  but  some  budget  supplement  is 
required.  Budget  institutions,  however,  presumably  get  all  their 
working-capital  and  repair  funds  from  budget  grants  under  Articles 
28  and  29.  The  existence  of  these  articles  for  working-capital 
grants,  distinct  from  State  Reserves  under  Article  32,  indicates 
the  two  categories  are  separate,  at  least  for  budget  purposes. 
Furthermore,  this  author  has  been  unable  to  find  any  evidence  that 
the  TSU  includes  State  Reserves  in  its  working-capi tal  accounts  as 
published  in  the  N.kh.  handbooks. 

Recall  that  Soviet  sources  cited  by  Nove  and  Zauberman  located  some, 
perhaps  all,  procurement  in  State  Reserves  in  the  national  income 
accounts.  Evdokimov's  allocation  of  FNE  appropriation.,  definitely 
puts  procurement  in  budget  appropriations  to  State  Reserves. 30 

In  this  context,  it  would  appear  that  Stanley  Cohn  believes  that  the  working- 
capital  accounts,  as  published  in  Narodnoe  Khoziaistvo  (i.e.,  the  N. Kh . 
handbooks),  include  State  Reserves--despite  Bill  Lee's  skepticism.  More 
recently,  Stanley  Cohn  has  provided  the  following  assessment  of  his  own 
estimating  methodology: 

The  absence  of  a  published,  official  Soviet  estimate  of  total 
defense  expenditures  has  led  to  attempts  to  estimate  such  a 
magnitude  from  other  available  economic  data.  The  author 
(Stanley  Cohn)  has  attempted  two  such  substitute  approaches  in 
previous  contributions  to  the  Stanford  Research  Institute  and 
the  Joint  Economic  Committee  of  Congress.  The  first  approach 
(see  Footnote  13)  si  nee  disavowed,  attempted  to  fit  all  defense 


outlays,  into  the  framework  of  the  official  budgetary 
apDroori ati on  for  defense.  The  second  accroach  was  more 
selective  in  that  the  defense  budget  was  no  longer  assumed 
to  cover  the  bulk  of  defense  expenditures.  Instead  it 
was  assumed  tnat  the  'State  Reserves"  residual  in  the 
national  accounts  category  "Increase  in  material  working 
capital  and  reserves"  was  assumed  to  be  the  equivalent  of 
military  procurement  expenditures.  Personnel  outlays  were 
separately  estimated  from  military  oav,  allowances,  and 
strength  estimates.  The  budgetary  outlays  for  defense 
were  assumed  to  finance  both  personnel  and  current  operational 
expenditures.  Researcn  and  developmental  outlays  were 
estimated  as  before  from  budgetary  'and  other  outlays  for 
"science".  Although  it  is  methodologically  superior  to  the 
first  approach,  the  second  one  leaves  considerable  margin  for 
improvement.  The  identity  between  State  Reserves  accretions 
and  military  procurement  has  not  been  convincingly  demonstrated. 
The  assumption  that  current  operational  outlavs  may  be  approxi¬ 
mated  by  deducting  computed  personnel  costs  *rom  budgeted 
defense  outlays  yields  a  time  trend  at  variance  with  estimated 
trends  in  the  inventory  of  military  Hardware  and  in  personnel 
strength.  The  simplifying  assumption  that  an  unchanging  50 
percent  of  overall  expenditures  for  "science"  comprise  military 
R&D  expenditures  reqires  further  investi gation .31 


As  may  be  observed.  Professor  Cohn's  remarks  can  be  interpreted  as  a  suggestion  with 
regard  to  the  need  to  replace  the  =  1  and  =  1/2  assumptions  in  (5)  with 
more  general  specifications.  In  this  context,  Stanley  Cohn  has  developed  an  alterna¬ 
tive  estimating  technique  for  Soviet  military  procurement  spending  which  he  explains 
as  follows:"^ 


The  central  premise  of  this  approach  is  that  it  is  possible 
to  estimate  the  value  of  military  machinery  production  by 
deducting  the  value  of  consumer  durables,  producer  durables, 
and  net  machinery  exports  from  final  demand  for  the  output 
of  the  machine  building  industries.  In  symbols: 


Stanley  H.  Cohn,  "Estimation  of  Military  Durables  Procurement  Expenditures  from 
Machinery  Production  and  Sales  Data,"  a  revised  submission  to  the  Stanford  Research 
Institute,  August  1977,  pages  1-2  (underlining  added  for  highlighting  purposes). 

An  empirical  investigation  and  evaluation  of  Stanley  Cohn's  simplifying  assumption 
that  S4t  -  1/2  (i.e.,  "an  unchanging  50  percent  of  overall  expenditures  for  'science' 
comprise  military  R&D  expendi tures") is  conducted  later  in  this  summary  report. 

32 

Ibid.,  pages  2-3.  In  the  reconstruction  of  the  official  inout-outout  (I-O) 
tables  by  Professor  Vladimir  Treml  and  his  team,  machine  building  consists  of 
sectors  15-36  and  industry,  m.e.c.,  sector  64  in  the  1959  1-0  tables;  sectors 
15-36  and  sector  68  in  the  1966  1-0  tables;  and  sectors  9-22  and  sector  50  of 
the  1972  1-0  tables.  The  1966  1-0  tables  appear  in  The  Reconstructed  1966 
Soviet  Input -Output  Table  in  Purchasers'  and  Producers'  Prices  by  the  Foreign 
Demographic  Analysis  Division  of  the  Department  of  Commerce,  as  revised  in 
June  1977. 


(i): 

MB  = 

D  +  D  +  (D  -  D.)  +  0 

c  p  e  i  m 

(ii): 

D  = 

MB  -  (D  +  D  +  D  -  D . ) 

m 

c  o  e  l 

where : 

MB  =  Final  demand  for  output  of  machine  building  industries, 

0  ~  Final  demand  tor  consumer  durables, 

c 

Dp  =  Final  demand  for  producer  durables, 

Dg  =  Exports  of  machinery, 

=  Imports  of  machinery,  and 
Dm  =  Final  demand  for  Soviet  military  durables. 

The  process  of  obtaining  consistent  sets  of  estimates  is  more 
complicated  than  the  straight  forward  eguation  implies, 
especially  if  current  value  estimates  are  desired.  Both 
conceptual  and  methodological  questions  arise.  Although 
outputs  of  the  machine  building  sectors  comprise  the  bulk 
of  military  procurement,  such  production  is  not  exhaustive. 

Such  items  as  missile  propellants,  gases,  and  explosives 
would  not  be  included.  For  this  reason,  the  final  demand 
control  total  has  been  expressed  as  a  range  in  which  the 
lower  limit  reflects  machine  building  and  the  upper  limit 
adds  that  portion  of  industrial  output  which  has  not  been 
otherwise  deconsolidated  in  the  reconstruction  of  the  Soviet 
input-output  tables.  The  latter  magnitude  is  termed 
"industry,  n.e.c."  in  the  input-output  matrices. 

Although  Professor  Cohn's  new  estimation  techniaue  is  auite  complicated,  he  is 
able  to  produce  estimates  of  Soviet  military  procurement,  y^  ,  which  are  in 
substantial  agreement  with  the  initial  estimates  shown  in  Column  8  of  Table  2.2. 
His  estimates  of  the  Soviet  military  procurement  of  durables  are  presented  in 
Table  2.3.  The  data  in  Table  2.3  may  readily  be  used  to  implement  Stanley  Cohn's 
conceptual  formula  (ii)  in  the  foregoing  explanation.  In  this  context,  the 
estimates  of  the  lower  and  upper  limits  of  the  final  demand  for  military  durables 
(D  ),  which  appear  in  Columns  1  and  2  of  Table  2.3,  also  contain  the  original  esti¬ 
mates  of  the  Change  in  State  Reserves  provided  in  Column  6  within  these  limits— 
especially  for  the  period  1970-1975.  Professor  Cohn  stresses  the  importance  of  his 
new  estimation  technique  with  respect  to  the  original  procurement  parameters  (y^) 
in  Column  6  and  the  new  procurement  parameters  (y^)  in  Column  7  of  Table  2.3  in 
the  following  remarks: 


I 

fcfMMi 
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able  2.3 


Estimates  of  Soviet  Procurement  of 
by  Stanley  Cohn 
(in  billions  of  current 


Military  Durables 
33 

rubles! 


1 

’ 

3 

4 

5 

0 

7 

Year 

i 

’m 

1  ower 
sound) 

3m 

(upper 

bound) 

*8 

;-'B  fd 
on)y) 

MB 

(V8  F0 

Industries,  n .e.c.) 

W0e-°i 

(Civilian 
Final  Demand) 

Change  in 
State 
Reserves 
(Y4t> 

imiopoint) 

'*?•> 

1960 

5.1 

3.3 

1 

17.0 

19.9 

11.6 

6.0 

6.3 

1961 

| 

5.9 

3.9 

13.7 

21.7 

12.3 

6.3 

7.4 

1952 

I 

5.4 

9.5 

20.9 

24.0 

14 . 5 

7.4 

”.9 

1963 

7.4 

13.6 

23.3 

26.2 

15.5 

1C.  1 

9.3 

1964 

5.1 

9.1 

24.2 

27.2 

13.1 

3.2 

7.5 

1965 

5.7 

3.5 

2S.6 

23.5 

19.9 

13.3 

7.1 

1966 

5.0 

7.9 

27.5 

30.5 

22.5 

11. 1 

6.4 

J  1967 

5.5 

3.3 

30.0 

33.3 

24.5 

3.2 

7  i 

1963 

) 

I 

6.4 

10.3 

32.9 

36.3 

25. 5 

12.2 

8.3 

1969 

7.2 

11.7 

35.7 

40.2 

23.5 

14.4 

9.4 

1  1970 

I 

7.9 

13.1 

38.5 

43.7 

30.6 

11.6 

10.5 

1971 

1 

3.3 

14.3 

41.9 

17.9 

33.6 

14.2 

11.3 

1972 

| 

3.3 

15.5 

45.2 

52.0 

36.4 

10.4 

12.2 

■  1973 

10.3 

13.2 

49.5 

56.9 

38.7 

13.5 

14 . 5 

1974 

10.4 

13.5 

53.7 

51.3 

3.3 

14.1 

14.4 

;  1975 

i 

11.5 

20.3 

53.2 

66.9 

46.6 

15.5 

15.9 

Op.  Cit.,  Stanley  Conn.  "Estimation  of  Military  Durables  Procurement  Expenditures  from  Vac.hi- 
nery  Production  and  Sales  Oata".  the  coluim  headings  of  table  2.3  may  oe  decionerea  as 
follows : 


'*8  r0  *  final  demand  for  output  of  machine  building  industries, 

Dc  md  3d  ■  final  demand  for  consumer  and  produced  durables,  -espectivelv, 

3e  and  Df  *  exports  and  imoorts  of  machinery,  resoactively, 

"m  *  ^1n*'  1«mand  for  military  durables 

.mere  the  figures  in  Columns  1  and  2  were  derived  from  Columns  3  and  4  minus  Column  5  (_i.e.. 

3  •  IB  -  id.  *3*0-3.)  i  of  Table  6,  oage  19  of  the  'oreqoing  -eference.  Columns  3  and 

Ti  v.  3  5  > 

-  were  obtained  ‘ram  Columns  3  and  S  of  table  2,  oage  ’  of  the  •oregoing  reference,  -wrile 
Column  5  -as  taken  -Vom  Column  1  (O.E.9.  entries)  of  "able  5,  oage  15  of  the  same  -eference. 
f’nally.  Column  5  is  Column  3  of  Table  2.2  in  this  reoort,  and  Column  7  is  Column  1  olus  Column 
2  divided  Ov  2. 
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Even  with  all 
methodology  o 
similari ty  wi 
course,  the  L 
'he  Scare  res 
the  study,  is 
The  irregular 
tingency  outl 
trend  line  we 
from  the  fina 
However,  the 
the  rate  of  i 


of  the  qualifications  exoressed  concerning  the 
f  a  residual  computation,  there  is  a  surprising 
th  estimates  derived  by  other  approaches.  Of 
ee  estimates  co  follow  a  similar  methodology... 
erves  residual ,  as  explained  at  the  beginning  of 
rot  necessarily  equivalent  to  military  procurement, 
ities  in  its  trend  are  likely  explained  by  con- 
ays  of  a  non-military  nature.  If  the  State  Reserves 
re  smoothed,  it  would  not  be  strikingly  different 
1  aemand  residual  estimate  in  the  early  years, 
mid-sixties  levels  are  considerably  higher  and 
ncrease  since  the  mid-sixties  much  lower. 


What  is  more  interesting  is  the  comparison  of  the  final  demand 
residual  trend  with  the  procurement  estimates  of  the  Office  of 
Strategic  Research  (OSR),  CIA,  for  the  seventies.  The  OSR 
trend  is  flatter  and  closely  parallels  the  lower  residual  bound. 

Its  levels  of  expenditure  are  quite  similar  to  the  upper  bound. 

This  similarity  is  particularly  significant,  as  the  OSR 
estimates  are  based  upon  physical  estimates  of  accretions  of 
military  durables,  initially  valued  in  dollars,  they  converted 
to  rubles  by  selected  conversion  ratios.  In  other  words,  the 
methodologies  are  independent  of  one  another.  Of  course, 
similarity  is  not  sufficient  grounds  for  validity,  but  at  least 
it  indicates  that  the  final  demand  residual  estimates  are 
within  ranges  of  reasonable  plausibil ity.34 

Professor  Cohn's  new  estimation  technique  provides  an  important  connecting 
link  with  two  other  baseline  methodologies  which  will  be  discussed  later  in  this 
section  of  the  report.  As  Professor  Cohn  observes.  Bill  Lee's  Residual  Estimation 
Technique  is  a  similar  methodology,  but  it  produces  substantially  different 
estimates.  Moreover,  Stanley  Cohn  places  a  great  deal  of  emphasis  on  the  similarity 
of  his  estimates  of  Soviet  military  procurement  with  those  developed  by  the  CIA. 
Stanley  Cohn's  observations  illuminate  an  important  methodological  point;  to  wit, 
his  two  alternative  estimates  of  Soviet  expenditures  for  military  procurement  are 
presented  in  current  rubles,  wherers  the  two  alternative  estimates  provided  by  Bill 
Lee  inTable  2.4  are  presented  in  constant  rubles  ( i .  e . ,  1967  prices  for  the  commodity 
basis  series  and  1970  prices  for  the  establishment  basis  series).  In  addition,  the 
CIA  estimates  are  also  presented  in  constant  rubles  (i.e.,  1970  prices).  The  need 
to  convert  all  of  the  alternative  baseline  estimates  to  current  rubles  before  a 
comparative  evaluation  is  conducted  is  extremely  important--in  fact,  it  could  reverse 
the  results  of  the  comparative  evaluation. 


Ibid.,  pages  18-20. 
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Illumination  of  a  Methodological  Point 


Bill  Lee  uses  tne  Soviet  official  VS"'.',  wnolesale  price  incex  to  con.ert 
national  security  IMS)  duraoles  from  constant  '-•ubles  to  current  ruDles.^S 
*ne  1957  and  1970  price  indices  to  be  used  or.  Columns  3  and  respectively,  in 
Table2.4are  both  declining  and  are  not  increasing  ^rcm  tne  base  year,  "'his  means 
that  it  requires  fewer  current  ruoles  to  have  the  same  Purchasing  power  as  the 
constant  ruble  estimates  shown  in  Table  2 .4 .  In  a  recent  caper  by  Robert  Leggett 
and  Sheldon  Rabin  (economists  with  the  Central  Intelligence  Agency),  the  CIA 
estimates  in  1970  constant  rubles  are  "adjusted  conservatively  for  a  2L  annual 
rate  of  inflation"  in  order  to  express  them  in  "current  rubles". 36  This  results 
in  an  implicit  1970  price  index  for  use  wi  th  Col  umn  5  i  n  Tabl  e  2 .4  that  is  increasing 
from  the  base  year.  Clearly,  SuC.n  an  adjustment  requires  -ore,  not  less,  current 
rubles  to  have  the  same  purchasing  power  as  the  CIA  constant  ruble  estimates  in 
Table2.4.  Therefore ,  Table  2 .4  cannot  be  ci  ted  by  Stanley  Cohn  as  evidence  of  a 
similarity  with  CIA's  estimates  and  of  a  difference  with  Bill  Lee's  estimates 
until  an  appropriate  price  index  is  constructed  which  wi  1 1  resol  ve  the  confl  icting  infor 
mation provided  by  Bi 1 1  Lee,  on  the  one  hand,  and  by  Robert  Leggett  and  Sheldon 
Rabin,  on  the  other  hand.  This  single  index  may  then  be  applied  to  all  of  the 


^  Op.  Cit.,  The  Estimation  of  Soviet  Cefer.se  Expenditures,  1955-?5:  An 
Unconventional  Approach,  Table  3.10,  page  230,  as  cited  in  footnote  d  of 
Tables  4.6  and  4.7  on  pages  66-67. 

36  Robert  E.  Leggett  and  Sheldon  T.  Rabin,  "A  Note  on  the  Meaning  of  the 
Soviet  Defense  Budget,"  September  12,  1977  to  oe  published  in'Soviet 
Studi es .  Although  they  use  the  2*  inflation  adjustment  on  the 
Operating  Expenditures,  but  not  on  the  Procurement  Expenditures  in  the  CIA 
estimates  (Table  3,  page  15)  the  implicit  1970  price  index  constructed  is 
increasing  from  the  base  yea  .  The  authors  cite  recent  studies  which  have 
placed  the  rate  of  Soviet  price  increases  at  between  I  and  3  percent  per 
year.  For  example,  see  David  H.  Howard,  "A  Note  on  Hidden  Inflation  in  the 
Soviet  Union",  Soviet  Studies,  Volumn  2S,  Number  4,  October  1976,  pages  599- 
508  and  Gertrude  E.  Schroeder,  "Consumer  Goods  Availability  and  Repressed 
Inflation  in  the  Soviet  Union,"  Economic  Aspects  of  Life  in  the  USSR,  NATQ- 
Directorate  of  Economic  Affairs,  Brussel s(~  1975  ,  page  42. 
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Comparati ve 


Estimates  of  Mi  1  i  tary  Durables  Procurement0' 
(in  bill  ions  of  rubles) 


1 

2 

3 

4 

5 

fear 

Sijntey  Cohn 
rinal  Demand 
Residual 
(Current 
Rubles) 

State 
Reserves 
( Current 
Rubles) 

'william  Lee 
Ccmmodi ty  3asis 

NS  Ouraoles 
(  1967  constant 
rubles) 

411 1  lam  Lee 

Es tabl  i  shirent  3as  i s 

NS  Durables 
(  1970  constant 
rubles) 

CIA  OSR 

Oi  rect-Costiiiu 
Estimates  o'' 

Mi  1 i tarv  Procurement 
(1970  constant 
rubles) 

1966 

5.0-  7.9 

11.1 

4.4-  5.2 

7.3-  3.8 

1367 

5.5-  3.8 

3.2 

6.4-  7.4 

10.3-11.4 

1968 

5.4-10.3 

12.2 

3.4-  9.5 

12.9-14.1 

1969 

7.3-11.7 

14.4 

10.5-11.3 

15.5-16.9 

1970 

7.9-13.1 

11.5 

12.3-13.6 

17.2-19.2 

14.4-16.2 

1971 

3.3-14.3 

14.2 

14. 3-16. 3 

20.6-22.3 

14.2-16.0 

1972 

9.8-15.6 

10.4 

17.7-19.4 

24.4-26.3 

14.6-16.4 

1973 

10.8-18.2 

13.5 

21.4-23.3 

28.9-31.0 

15.6-17.5 

1974 

10.4-18.5 

14.1 

23.6-25.7 

32.0-34.4 

16.6-18.6 

1975 

11.6-20.3 

A*.  5 

24.3-27.1 

34.0-36.7 

13.2-20.3 

37  Columns  1,  2.  a,  4,  And  5  were  obtained  directly  from  Stanley  Cohn's  "Estimation  of  Military 
Ourc-les  Procurement  Expenditures  from  Machinery  Production  and  Salas  Oats",  a  revised 
submission  to  the  Stanford  Research  Ins?  tute,  August.  1977.  Table  6.  sage  19.  The  interval 
estimates  in  Column  1  are  taken  from  Co.-nns  !  and  2  of  Table  A.  while  the  ooint  estimates 
in  Column  2  were  obtained  from  Column  6  of  Table  4.  The  interval  estimates  in  Columns  3  ana 
4  were  originally  obtained  by  Stanley  Cohn  from  a  draft  copy  of  W.  T.  Lee's  Soviet  Defense 
Expenditures  for  1955-1975.  July  31.  1975.  Table  V-5  (bottom  row).  Although  there  nave  seen 
some  revisions  in  the  numerical  estimates  between  this  draft  copv  and  his  published  bopk, 
Colum  3  may  nevertheless  be  asseciated  with  Table  4.7  on  page  67,  and  Column  4  may  be 
associated  with  Table  4.6  on  page  66  of  W.  T.  Lee's  The  Estimation  of  Soviet  Defense  Expend¬ 
itures,  1955-75:  An  ijnconventiona I  Approach.  Column  s  is  taken  ~rom  the  CIA  PSA  'sturated 
soviet  defense  SoenOing  in  .Tobies,  UVo-lfT?.  SR  76-10121U,  May  1976,  Dages  13-15.  The  text 
indicates  that  approximate! v  36  percent  of  tbtal  defense  expenditures  of  40-4S  billion  rubles 
In  1970  and  50-55  billion  in  1975  was  used  for  procurement.  Since  investment  expenditures 
ire  10  oercent  of  total  USE  and  military  construction  is  10  percent  of  total  investment 
outlays,  then  40- ( . 10 ) 40  or  (.90)40  ■  36  percent  of  total  defense  expenditures  for  weapons 
procurement.  It  Is  to  be  noted  that  4t  of  the  total  NSE  Is  for  military  construction. 
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vaseline  estimates  in  order  to  convert  current  ruble  estimates  to 

38 

constant  rutile  estimat°s  an^  vice  i,ersa  .  Obviously,  it  is  erroneous 
to  inflate  the  CIA  constant  ruble  estimates  to  larqer  current  ruble 
estimates  arter  1970  and  then  mecnanical ly  ccmoare  them  to  any  otner  current 
ruble  estimates  developed  by  means  of  various  alternative  baseline  methodologies. 
Such  a  mechanical  comparison  with  3ill  Lee's  current  ruble  estimates,  for  examole, 
would  ignore  the  fact  that  Bill  Lee  deflates  his  constant  ruble  estimates  to  smaller 
current  ruble  values  after  1970.  Therefore,  any  reduction  in  the  difference 
between  these  two  alternative  sets  of  baseline  estimates  reflects  the  different 
price  indices  used  to  obtain  the  current  ruble  estimates. ^ 

2.5.2  Alternative  Price  Indices 

Stanley  Cohn's  new  technique  for  estimating  Soviet  expenditures  on 
military  procurement  requires  the  construction  of  an  implicit  price  index,  which 
he  explains  as  follows: 


38 

The  current  practice  of  each  baseline  methodology  expressing  its  numerical 
estimates  in  constant  or  current  rubles  by  means  of  a  di  fferen.t  price 
index  should  be  discouraged.  For  example,  Stanley  Cohn  argues  that 
since  his  own  adjusted  deflator  shows  approximate  parity  between  1955  and  19/0 
procurement  prices,  he  merely  assumes  that  Bill  Lee's  procurement  estimates 
before  1966  in  1955  prices  and  after  1966  in  1970  prices  are  actually  "in  the 
same  prices".  (Op.  Cit.,  Stanley  Cohn,  "A  Re-Evaluation  of  Soviet  defense 
Expenditure  Estimates,"  Table  1,  Footnote  d,  page  5.)  Bill  Lee,  on  the  other 
hand,  uses  two  separate  price  indices  to  deflate  his  1955  and  1970  constant 
ruble  estimates,  respectively,  in  order  to  provide  "current  ruble  estimates. 

^  For  example,  if  this  type  of  mechanical  comoarison  is  applied  to  Table  3,  oage 
5,  of  the  recent  paper  by  Robert  E.  Leggett  and  Sheldon  T.  Rabin,  "A  Note  On 
the  Meaning  of  the  Soviet  Defense  Budget",  cited  in  Footnote  36  and  Bill 
Lee's  price  index  is  used  to  convert  the  CIA  constant  ruble  estimates  to 
current  rubles,  then  the  Leggett/Rabin  hypothesis  would  appear  to  be  reasonable 
for  the  entire  1960-1975  period  instead  of  only  for  the  1960-1970  period,  as 
they  have  argued.  The  problem  lies  with  the  choice  of  the  price  index  used--not 
with  the  Leggett/Rabin  hypothesis. 
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Although  the  key  control  variable  is  final  demand,  it  is 
necessary  to  first  derive  current  price  time  series  for 
the  gross  value  of  machine  building  output.  Current  prices 
are  preferred  over  constant  orices,  even  though  the  addi¬ 
tional  step  of  construction  of  deflators  is  required,  because 
military  expenditures  are  measured  in  current  prices  and 
inter-industry  transactions  are  also  valued  in  current  terms... 

Official  indexes  of  machinery  production  are  only  published 
in  constant  price  terms... The  official  index  of  gross  output 
in  machine  building  (MB  GVO)  has  been  derived  from  official 
production  indexes  times  the  base  year  1966  current  price 
estimate  obtained  from  the  reconstructed  Soviet  input-output 
table.  The  reconstructed  tables  for  1959  and  1972  are  also 
used  to  obtain  current  price  estimates  for  those  years.  The 
producer  rather  than  the  purchasers'  prices  estimates  are  used 
since  industrial  production  is  reported  in  the  former  prices. 

If  the  1-0  benchmark  output  estimates  are  divided  by  the  constant 
1966  price  estimates,  implicit  price  changes  are  obtained.  These 
cannot  be  construed  as  real  price  changes  since  they  incorporate 
not  only  true  price  changes,  but  also  inconsistencies  of  reporting 
and  methodology  among  the  successive  input-output  tables  and 
between  the  1-0  tables  and  estimates  of  gross  production. . .The 
official  deflator  is  unsatisfactory  (because  it  has  a  consistent 
and  marked  downward  bias). 40  The  implicit  deflators  are  in  the 
right  directions,  but  their  degrees  of  change  are  suspect.  Since 
the  1-0  benchmark  estimates  are  the  key  magnitudes  in  this  study, 
the  implicit  deflators  are  accepted  with  their  deficiencies. 

For  the  interim  years  between  and  beyond  the  benchmark  years,  it 
is  assumed  that  implicit  price  changes  are  of  equal  annual  pro¬ 
portions  (i.e.,  have  a  curvilinear  trend).  Derivation  of  an 
implicit  price  index  on  this  assumption  enables  estimation  of  a 
current  price  (MB  GVO)  output  time  series.  41 

These  alternative  price  indices  and  a  new  composite  price  index  are  presented  in 

Table  2.5. 

Ibid.,  page  10.  Stanley  Cohn  argues  that  the  available,  official  Soviet 
wholesale  price  index  for  the  output  of  the  machinery  and  metal-working 
sectors  is  considered  to  be  inappropriate  by  both  Western  and  Soviet  scholars. 
Among  the  various  sources  cited  in  Footnote  6,  page  10,  of  the  same  reference, 
is  Abraham  Becker's  Ruble  Price  Levels  and  Dollar-Ruble  Ratios  of  Soviet 
Machinery  in  the  1960s  (R-1063-DDRE),  Rand  Corporation,  1973.  It  should  be 
emphasized  that  Bill  Lee  uses  the  official  Soviet  MBMW  wholesale  price  index  to 
convert  his  constant  ruble  estimates  to  current  ruble  estimates. 

41 

Op.  Cit.,  Stanley  H.  Cohn,  "Estimation  of  Military  Durables  Procurement  Expen¬ 
ditures  from  the  Machinery  Production  and  Sales  Data,"  pages  3-5. 
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Table  2.5 


Alternative  Price  Indices  for  Converting  Constant  Rubles  to  Current  Rubles 


42 
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^Caljmn  1  fs  taken  "'em  William  Lee’s  The  Estimation  of  Soviet  Defense  Exaenoi  tures .  (955-75: 
■n  'Jnaonventional  Abprcach.  Table  3.10,  page  Cad.  Column  1  is  based  icon  3aoert  5.  Leggett's 
ana  Chelaon  T.  Papin's  "4  'lots  on  the  leaning  of  the  Soviet  Defense  3udget".  oaoe  14.  'he 
formula  for  converting  the  hidden  inflation  rate  (r,  »  .020)  to  a  orice  index  is:  (ICO) 

{l*r,)c  for  t  •  1960,  1961 .  1975.  Column  3  is  based  on  Stanley  Conn's  "Estimation 

of  Military  Durables  Procurement  Exoenditures  from  Machinery  Production  and  Sales  Data', 

Tabie  l,  oage  4.  This  inoex  is  extremely  sensitlvie  to  the  1S56  «8  3V0  control  value  of  47.9 
resorted  ay  Stanley  Cohn,  [f  the  alternative  value  of  42.1  originally  reoorted  by  Sill  ^ee 
were  used  in  the  same  wav.  then  the  1972  index  value  would  be  103.4  in  Column  3.  and  the  1966 
to  1975  oerlod  would  be  characterized  by  inflation.  Column  4  is  based  uoon  the  use  of  the 
hidden  inflation  rates  in  Column  2  to  offset  the  downward  bias  susoected  in  the  values  of 
Column  1  by  combining  the  rates  and  using  the  following  formula:  (100)  (l»r4)t-1970  f3r  t  • 

i960.  1961 .  1975  where  r,  *-.006  for  I960  ?  tS  1970  and  r4  .  ..02*  •'or'*  1970  5  tS  1975. 

inasmuch  as  aocroximately  17  percent  of  total  MB  final  demand  constitutes  consumer  aurioles, 
then  r,  is  weighted  ay  this  percentage  wnen  combined  with  r^  to  estimate  r„ 


Bill  Lee's  price  index  shown  in  Column  1  of  Table  2.5  is  based  upon  official 
Soviet  sources  and  is  said  to  have  "a  consistent  and  marked  downward  bias".  By 
contrast,  the  "hidden  inflation"  price  index,  wnich  is  advocated  bv  Robert  Leggett 
and  Shelton  Rabin  and  is  snown  in  Column  2,  is  based  largely  upon  evidence  of 
"’-eoressed  inflation  of  Soviet  consumer  goods".  However,  since  only  about  one-sixtn 
of  total  MB  final  demand  constitutes  consumer  durables,  then  some  importance  must 
be  attached  to  the  producer  and  military  durables  components  of  the  machine  building 
output — which  is  reflected  to  some  degree  in  the  official  Soviet  MB MW  price  index. 
Therefore,  a  composite  price  index,  which  reflects  both  the  hidden  inflation  infor¬ 
mation  in  Column  2  and  the  official  Soviet  MBMW  price  index  in  Column  1,  is 
constructed  in  Column  4  with  1970  as  the  base  year.  This  composite  price  index 
reflects  the  much  milder  "deflation"  during  the  1960-1975  period  is  also  reflected 
in  Column  3,  rather  than  the  more  severe  "deflation"  during  this  same  period  that  is 
reflected  in  Column  1.  Finally,  Stanley  Cohn's  implicit  price  index  in  Column  3 
can  be  used  to  convert  Bill  Lee's  estimates  of  the  commodity  basis  Soviet  procure¬ 
ment  in  Column  3  of  Tabl e 2 .4  from  1967  constant  rubles  to  current  rubles.  By 
contrast,  the  Robert  Leggett  and  Sheldon  Rabin  hidden  inflation  price  index  in 
Column  2  can  be  used  to  convert  the  CIA  direct-costing  estimates  of  procurement 
in  Column  5  of  Table  2.4  from  1970  constant  rubles  to  current  rubles.  These 
confutations  are  summarized  in  Table  2.6,  and  a  comparative  evaluation  may  now  be 
performed  which  will  have  strong  implications  for  Stanley  Cohn's  previous  observations. 


TABLE  2.6 
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Another  Comparison  of  the  Estimates  of  the  Procurement  of  Military  Durables 
(in  billions  of  current  rubles) 


1 

- 2 - 

3 

4  1 

Stanley  Cohn 

William  Lee 

CIA  OSR 

Final  Demand 

State 

Commodity  Basis 

Di rect-Costing 

Year 

Residual 

Reserves 

NS  Durables 

Estimates  of  Procurement 

1966 

5.0-  7.9 

11.1 

4.4-  5.2 

1967 

5.5-  8.8 

8.2 

6.3-  7.3 

1963 

6.4-10.3 

12.2 

8.1-  9.2 

1969 

7.2-11.7 

14.4 

10.1-11.2 

1970 

7.9-13.1 

11.6 

11.5-12.7 

14.4-16.2 

l9'7l 

8.3-14.3 

14.2 

13.6-15.0 

14.5-16.3 

1972 

8.8-15.6 

10.4 

16.1-17.6 

15.2-17.1 

1973 

10.8-18.2 

13.5 

19.1-20.8 

16.5-18.6 

1974 

10.4-18.5 

14.1 

20.7-22.6 

17.9-20.1 

1975 

11.6-20.3 

15.6 

21.4-23.4 

20.0-22.3 

Columns  1  and  2  correspond  to  Columns  1  and  2  of  Table  2.4.  Column  3  is  Column  3 
ofTable2.5  times  Column  3ofTable2.4.  Column  4  is  Column  2  of  Table  2.5  times 
Column  5  of  Table  2.4. 
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The  estimates  of  the  establishment  basis  Soviet  procurement  by  Bill  Lee 
in  Column  4  of  Table  2.4  are  not  included  in  Table  2.6  for  the  following  reasons,  as 
stated  by  Stanley  Conn: 

Production  estimates  and  indexes,  GVO,  for  the  machine  building 
industry  are  calculated  by  the  Central  Statistical  Commission 
(Ts.S.U.)  by  aggregating  production  reports  for  each  enterprise. 

These  enterprise  estimates  are  then  aggregated  by  T.S.'J.  into 
principle  sector  estimates  with  the  sector  classification 
determined  by  the  principal  product  of  the  enterprise.  This 
accounting  procedure  is  termed  the  establishment  basis. 

Input-output  estimates,  by  contrast,  are  also  based  on  enter¬ 
prise  reports,  but  the  industrial  sector  classification  is  in 
pure  comodity  terms.  If  an  enterprise  produces  products  of 
more  than  one  sector,  secondary  output  and  inputs  are  redis¬ 
tributed  to  their  primary  production  sectors.  Hence  the  term 
commodity  basis  is  used.  Since  the  concern... is  with  machinery 
production,  the  desired  information  should  be  in  terms  of 
machinery  output,  irrespective  of  where  produced.  The 
coanodity  accounting  basis  satisfied  this  requirement.  44 

However,  the  use  of  Bill  Lee's  estimates  of  the  commodity  basis  Soviet  procurement 
in  Column  3  of  Table  2.4  (expressed  in  1967  constant  rubles)  will  satisfy  Stanley 
Cohn's  criticisms.  Also,  by  using  Stanley  Cohn  '  s  own  impl  icit  pri  ce  index  from  Col  umn  3  of 
Table  2.5  to  convert  Bill  Lee's  estimates  to  current  rubles,  these  estimates  should 
now  be  acceptable.4^  If  the  CIA  direct-costing  estimates  of  procurement  in  Column 
5of Table  2.4  (expressed  in  1970  constant  rubles)  are  converted  to  current  rubles 
by  some  other  price  index  (e.g..  Column  2  of  Table  2.5) ,  then  the  figures  in  Column 
4  of  Table  2 .6  are  the  results.  As  may  be  observed,  Bill  Lee's  commodity  basis 
estimates  from  1970  to  1975  in  Column  3of  Table  2.6  are  now  quite  similar  to  the 
CIA  direct-costing,  current  ruble  estimates  in  Column  4  of  Table  2.6.  By  contrast 
with  the  earlier  comparison  by  Stanley  Cohn  using  the  estimates  in  Table  2.4,  a 


44  Op.  Cit.,  Stanley  Cohn,  "Estimation  of  Military  Ourables  Procurement  Expenditures 
from  the  Machinery  Production  and  Sales  Data,"  page  27.  Stanley  Cohn  argues  tnat 
since  the  establishment  accounting  basis  classified  relatively  inefficient  non¬ 
machine  building  establishments  as  producers  of  machinery,  the  higher  valuation  of 
input  costs  thereby  obtained  would  logical  ly  yield  commensurately  higher  final  estimates. 
However,  such  final  products  would  be  no  higher  in  a  real  sense,  but  only  in 
reflecting  higher  cost  non-machinery  sector  producers  (underlininq  added  for 
highlighting  purposes). 

4^  The  relationship  between  constant  and  current  ruble  estimates  may  be  expressed 
as  follows:  (constant  ruble)  (price  index)  *  (current  ruble)  or,  conversely, 
(current  ruble)/(price  index)  =  (constant  ruble). 


selective  choice  of  price  index  deflators  results  in  a  lack  of  strong  similarity 
between  Stanley  Cohn's  estimates  of  the  final  demand  residual  in  Column  1  of 
Table  2.6  and  the  CIA  estimates  in  current  rubles  shown  in  Column  4  of  Table  2.6 
This  reversal  in  Stanley  Cohn's  previous  comparative  evaluation  of  the  estimates 
in  Table  2.4  reflects  the  need  to  use  a  single  price  index  to  convert  all  of  the 
alternative  baseline  estimates  to  current  rubles.  The  erroneous  comparison  of 
current  with  constant  ruble  estimates  in  Table  2.4  resulted  in  Stanley  Cohn's 
original  comparative  evaluation,  which  has  been  previously  described.  The  use 
of  different  price  indices  results  in  an  equally  erroneous  comparison  of  the 
current  ruble  estimates  in  Table  2.6  which  appears  to  contradict  Stanley  Cohn's 
original  comparative  evaluation.  Obviously,  all  comparisons  must  be  made  in 
constant  rubles  with  the  same  base  year  or  in  current  rubles  with  a  single  price 
index  used  for  conversion.  Therefore,  the  important  methodological  point  illus¬ 
trated  in  Tables  2.4  and  2.6  may  be  tentatively  resolved  by  using  the  Composite 

Price  Index  presented  in  Column  4  of  Table  2.5  for  all  of  the  baseline  methodo- 

46 

logies  and  their  associated  numerical  estimates. 


2.6  THE  PRODUCTION  RESIDUAL  ESTIMATION  TECHNIQUE 


The  fifth  baseline  methodology  is  Bill  Lee's  Production  Residual  Estimation 
Technique,  which  he  describes  in  general  terms  as  follows: 

The  methodology. . .is  based  entirely  on  Soviet  data... In  this 
approach,  several  sets  of  Soviet  data  are  analyzed  for  their 
contribution  to  an  approximate  composite  estimate  of  Soviet 
NSE...This  unconventional  method  does  not  claim  one-  or  two- 
decimal  -place  precision  but  accepts  the  uncertainties  inherent 
in  the  imperfect  data  with  which  we  must  work. 

In  the  unconventional  approach,  Soviet  NSE  is  estimated  as  the 
sum  of  three  components:  (a)  national  security  durables  (roughly 
but  not  exactly  equivalent  to  the  U.S.  definition  of  procure¬ 
ment...);  (b)  personnel  pay  and  maintenance,  operations  and  main¬ 
tenance  of  the  MoD  establishments,  and  military  construction;  and 
(c)  military  RDT&E  and  space.  Each  component  is  estimated  from 
separate  sets  of  Soviet  data. 

These  baseline  numerical  estimates  will  cover  the  period  1960-1975 
for  which  only  Bill  Lee's  establishment  basis  estimates  will  satisfy.  His 
commodity  basis  estimates  cover  only  the  1966-1975  time  period,  as  shown  in 
Tables  2.4  and  2 .5.  Therefore ,  it  wi  11  be  necessary  to  backcast  the  procurement 
portion  of  his  commodity  basis  estimates  from  1966  to  1960  in  order  to  include 
this  technique  in  the  final  set  of  baseline  methodologies  and  numerical  estimates. 
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Military  hardware  is  estimated  from  published  Soviet  data  on 
machinery  and  equipment  output  and  allocation  thereof  to  invest¬ 
ment  and  consumption,  and  the  ratios  of  final  demand  to  gross 
output  from  the  1959  and  1966  input-output  (10)  tables,  as  con¬ 
structed  by  U.S.  scnolars. 


Uniformed  personnel  costs  are  estimated  separately  from  pub¬ 
lished  Soviet  data.  But  there  seems  to  be  no  way  of  indepen¬ 
dently  estimating  the  pay  of  the  MoD's  civilian  personnel  or 
the  cost  of  operating  and  maintaining  the  MoD  establishment. 
Hence,  the  non-personnel  portion  of  the  "Defense"  budget  is 
accepted  as  a  surrogate,  admittedly  imperfect,  for  the  cost 
of  maintanance,  operations,  and  military  construction. 

RDT&E  and  space  can  be  estimated  two  ways:  (a)  by  calculating 
an  approximate  value  of  the  output  of  prototypes  and  space  hard¬ 
ware  and  then  estimating  the  other  components  of  R&D;  and  (b) 
by  summing  labor,  capital,  and  material  inputs  to  the  RDT&E 
performing  institutions.  Owing  to  the  imperfections  in  the 
available  data,  neither  method  is  very  satisfactory.  On  the 
other  hand,  the  results  are  more  plausible  than  those  derived 
by  accepting  demonstrably  erroneous  estimates  based  on  the 
reported  "Science"  expenditures.  Only  the  input  approach  is 

used _ _  since  the  data,  although  imperfect,  appear  to  be  more 

reliable.  47 


Application  of  the  generalized  identity  in  Equation  (1)  to  Bill  Lee's 
Production  Residual  Estimation  Technique  is  more  complicated  than  the  mere 
estimation  of  the  three  parameters  involved.  However,  in  order  to  facilitate 
comparison  with  the  other,  simpler  baseline  methodologies,  this  conceptual 
format  will  be  maintained.  In  this  context,  the  general ization  of  Bill  Lee's 
technique  is  based  upon  the  following  assumptions,  which  may  also  be 
substituted  in  ( 1) : 


a5t  -  1  for  t  =  I960,...,  1970  and  a5(.  >1  for  t  =  1971,...,  1975, 


S5t  =  3/4  to  3/5  over  the  t  =  I960,...,  1975  period, 

Y5t  =  military  durables  residual  from  Soviet  machine-building 
and  metal-working  (MBMW)  production  statistics,  and 


(6) 


<5 


5t 


=  0 


47 

Op.  Cit.,  The  Estimation  of  Soviet  Defense  Expenditures,  1955-1975:  An 
Unconventional  Approach,  pages  31-32. 
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Bill  Lee  assumes  that  the  Soviet  Operating  Budget  expenditures  are  included 
in  the  Soviet  defense  aporopriations  from  1960  to  1970.  However,  from  1971 
to  1975,  his  estimate  of  the  Operating  Budget  exceeds  the  Official  Soviet 
Defense  Budget  because  the  Soviet  defense  appropriations  may  have  been 
deliberately  manipulated  for  various  political  reasons.  As  a  result. 

There  is,  therefore,  no  satisfactory  .method  of  estimating  the 
MoD's  nonpersonnel  operating  costs  on  the  basis  of  the  availa¬ 
ble  data.  At  best,  one  can  subtract  the  estimated  personnel 
costs  from  the  reported  "Defense"  budget.  As  is  demonstrated 
...the  latter  probably  has  consisted  entirely  of  operating 
costs  and  military  construction  in  most,  although  not  all,  years 
since  the  early  1950s.  This  does  not  necessarily  mean  that  all 
MoQ  operating  and  military  construction  costs  are  included  in 
"Oefense"  every  year.  For  example,  "Defense"  has  been  constant 
or  declining  since  1969  while  operating  costs  must  have  risen-- 
although  construction  outlays  could  have  declined.  On  the  other 
hand,  apparently,  some  procurement  costs  were  returned  to 
"Defense"  in  1961  when  it  suited  Khrushchev's  political  purposes 
to  increase  "Defense"  in  mid- 1961. 


The  Soviet  Operating  Budget  may  therefore  be  disaggregated  into  the  following 
two  major  categories: 

•  Personnel  Expenditures  (i.e.,  SIPRI  categories  1  and  2), 
which  will  be  represented  by  Xt,  and 

•  Nonpersonnel  Operating  Expenditures  (i.e.,  SIPRI  categories 
3  and  perhaps  6),  which  will  be  represented  by  Y^. 

However,  as  observed  by  Stanley  Cohn  in  the  following  extract,  the  assumption 
that  Soviet  operational  expenditures  are  financed  from  the  Defense  Budget  is 
not  a  comfortable  solution: 

Operational  outlays  are  assumed  to  be  financed  from  the  defense 
appropriation.  Thus,  they  are  estimated  residually  from  the 
explicit  defense  budget  magnitudes  after  deduction  of  personnel 
costs. 

rs - 

Op.  Cit.,  The  Estimation  of  Soviet  Defense  Expenditures,  1955-1975:  An 
Unconventional  Approach,  page  278.  from  1$61  to  1964 ,  & i 1 1  Lee's  total 
estimate  of  the  MoD  operating  costs  are  actually  less  than  the  Soviet 
"Defense"  budget.  This  reflects  his  hypothesis  that  some  procurement 
expenditures  were  returned  to  "Defense"  in  1961  and  not  removed  again 
until  1965.  In  this  context,  see  Table  D.5,  Footnote  d,  page  279  of  the 
foregoing  reference.  During  this  1961-1964  period,  <1  in  Equation 
(6)  and  =  1  for  1960  and  the  period  1965-1970. 
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However,  this  simple  method  is  not  a  comfortable  solution... 

(because)  after  1969  the  plateau  and  subsequent  decline  in 
explicit  defense  expenditures  in  the  face  of  rising  personnel 
costs,  a  residual  calculation  of  operational  expenditures 
yields  a  declining  trend  in  both  current  and  constant  prices. 

Such  a  conclusion  is  unrealistic,  given  the  rising  level  of 
technical  sophistication  of  Soviet  military  equipment  and  the 
increased  size  of  the  armed  forces. 

The  attempt  to  fit  the  estimation  of  operational  expenditures 
residual ly  within  the  defense  budget  strait  jacket  depends,  if 
the  basic  premise  be  assumed  to  De  correct,  on  the  assumptions 
used  to  estimate  levels  and  trends  in  personnel  expenditures 
with  regard  to  such  variables  as  compositions  of  defense  manpower 
and  levels  of  their  compensation  and  subsistence.  Perhaps  a 
reasonable  time  series  for  the  operational  category  could  be 
fitted  into  the  defense  budget  aggregate  through  simulation  tests 
involving  different  assumptions  as  to  the  composition  of  personnel 
expenditures.  49 

On  the  basis  of  the  foregoing  citations,  it  is  apparent  that  Bill  Lee  and 
Stanley  Cohn  believe  that  both  personnel  and  non-personnel  costs  have  been 
rising  during  the  1971-1975  period.  This  implies  that  the  sum  of  X  and  Y 
must  be  also  rising  over  the  same  period,  while  the  (Defense)t  component  of 
Equation  (1)  has  remained  virtually  constant--which  may  be  verified  in  Table 
2.1.  Instead  of  attempting  to  fit  the  various  categories  of  the  Operating 
Budget  into  the  Defense  line  item  through  "simulation  tests",  the  positive 
correlation  of  Xt  and  Y  over  the  "sample  period"  1960-1970  may  be  used  to 
project  Yt--given  values  of  determined  by  the  particular  baseline  methodo¬ 
logy.  Since  each  baseline  methodology  (such  as  those  of  Stanley  Cohn  cr  Bill 
Lee)  involves  different  assumptions  with  regard  to  the  composition  of  personnel 
expenditures  (i.e.,  X^) ,  then  the  significance  of  the  positive  correlation 
observed  between  X^  and  Yfc  during  the  period  1960-1970  may  be  used  to  test 
the  significance  of  the  projections  of  nonpersonnel  operating  expenditures 
(i.e.,  Yt)  from  1971  to  1975. 


2.6.1  A  New  Technique  for  Estimating  the  Operating  Budget 


The  foregoing  definition  of  a  new  technique  for  estimating  the  Soviet 
Operating  Budget  may  be  represented  as  follows: 

49  Op.  Cit.,  "A  Re-Evaluation  of  Soviet  Defense  Expenditure  Estimates", 
pages  12-13  (underlining  added  for  highlighting  purposes). 
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T 


(Xt+Yt)  =  a+(b+l)Xt+et 


(7) 


where  Yt  =  a+bXt+et  for  t  =  I960,...,  1970 
and  e  is  an  additive,  random  disturbance  term. 

In  order  to  estimate  the  parameters  a  and  b  by  the  principle  of  "least  squares, 
the  sum  of  the  squared  disturbances  must  be  minimized.  Moreover,  the  values 
of  Xt  for  t  =  1971,...,  1975  are  used  to  project  Y^  based  upon  the  positive 
correlation  of  Xt  and  Yt  over  the  sample  period  1960-1970,  and  the  projected 
Operating  Budget  therefore  becomes: 

(Xt+Yt)  =  a+(b+l)Xt  for  t  =  1971  .  1975  (8) 


The  ratio  of  Equation  (8)  over  the  (Defense)^  component  of  Equation  (1)  then 
provides  the  following  estimation  of  the  a*  parameter: 

5t  =  (Xt+Yt)/(Defense)t  (9) 

where  =  1  is  the  null  hypothesis  and 

at>l  is  the  alternate  hypothesis  to  be  tested  over  the 
t  =  1371,...,  1975  period.  50 


It  may  be  shown  that  the  sampling  variance  of  is: 

(xt  -  X) 

Var(  at)  =  (_l/(Defense  a*  ( 1  +  I  +  n-  =1'1970 


(10) 


t  =  1960 


(xt  -  X)2 


50 


In  Equation  (6),  Bill  Lee's  assumption  that 


a  M  for  t  =  I960,...,  1970  and 

a  >  l  for  t  =  1971,...,  1975  can  be  tested  by  this  procedure,  although  his 
5t 


5t 


estimates  do  not  correspond  to  formula  (9).  In  Equation  (10),  the  sample 


mean  is  defined  as  X  = 


^  1970  X  i  / 11 .  A  curvilinear  estimating  equation 
'I960  t-) 

may  also  be  specified  for  a  comparison  with  Equation  (7),  but  this  type  of 
econometric  evaluation  is  beyond  the  scope  of  this  summary  report. 


I  " 

vt-19 
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wnich  may  be  used  to  construct  a  confidence  interval  for  eacn  estimate  of  the  ratio  a 
in  the  t  =  1971,...,  1975  forecast  periods.  This  new  estimating  technique 
therefore  provides  a  systematic  procedure  for  escaping  the  '‘defense  budget 
strait  jacket"  cited  by  Stanley  Cohn  in  estimating  the  Operating  Budget.  It 
also  provides  a  method  for  testing  these  new  estimates  for  statistical  signifi¬ 
cance  wnen  they  are  compared  to  the  Defense  Budget. 

The  application  of  this  new  method  of  estimation  may  be  illustrated  by 
means  of  the  Soviet  personnel  costs  estimated  by  Bill  Lee  and  Stanley  Cohn  from 
1960  to  1975.  These  data,  along  with  the  corresponding  unclassified  CIA 
estimates  of  the  total  Operating  Budget  expenditures,  are  presented  in  Table  2.7. 
However,  the  following  three  basic  assumptions  apply  to  the  CIA  estimates  in 
Column  10  of  Table  2.7: 

•  The  Soviet  Operating  Budget  is  40  percent  of  the  CIA  estimate 
of  Soviet  NSE  in  1970  as  cited  in  the  CIA  document:  "Estimated 
Soviet  Defense  Spending  in  Rubles,  1970-1975,"  SR  76- 10 12 111, 

May  1976,  pages  13-16; 

•  The  1970  base  year  figure  of  ( .40) (40.0+45.0)/2  =  17.0  can  be 
"backcasted"  to  1960  and  "forecasted"  to  1975  "using  a  4-5 
percent  annual  growth  rate:;  and 

•  These  original  CIA  estimates  in  1970  rubles  can  be  "adjusted 
conservati vely  for  a  2  percent  annual  rate  of  inflation. 

As  a  consequence,  the  figures  in  Column  10  are  obtained  by  means  of  the  curvi¬ 
linear  projection  equation  described  in  Footnote  25  of  Table  2.2  which  is 
consistent  with  the  Robert  Leggett  and  Sheldon  Rabin  projections  in  Table  3 
of  their  forthcoming  article,  which  is  cited  in  Footnote  36.  It  should  be 
noted  that  Column  2  of  Table  2.2  is  not  only  the  Official  Soviet  Defense 
Budget,  but  also  it  represents  Stanley  Cohn's  original  estimates  of  the  Operating 
Budget.  A  comparison  of  Column  2  with  Column  5  reveals  the  fact  that  this  new 
method  of  estimation  has  undone  the  "defense  budget  straight  jacket"  cited  by 
Stanley  Cohn  for  the  years  1971-1975.  The  same  procedure  was  applied  to  Bill 
Lee's  data  in  Columns  6  and  7  with  the  new  projections  for  1971-1975  provided 
in  Column  3.  As  may  be  observed,  Bill  Lee's  projected  operating  budget  (X  +  V) 
in  Column  3  is  somewhat  less  than  Stanley  Cohn's  revised  projections  (X  +  Y)  in 
Column  5  for  the  period  1971-1975.  This  may  reflect  the  fact  that  Bill  Lee 
believes  that,  as  indicated  in  Footnote  48,  some  procurement  expenditures  were 
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Table  2.7 


Application  of  a  Mew  Method  for 
Soviet  Operating  Budget  from 

(in  billions  of  current  rubles 


Estimating  t 
1971-1975  31 


he 


nr 

l 

3 

4 

5 

6 

7 

3 

9 

10 

! 

1 

|  'ear 

Official 

Soviet 

Defense 

3udget 

Conn '  s 
Rersonnel 
Costs 

IX) 

Conn's 

Non- 

Personnei 

Casts 

(Y) 

Cohn's 

Operating 

Budget 

(X*Y) 

Lee's 

Personnel 

Costs 

(x) 

Lee's 

Non- 

Personnel 

Costs 

(Y) 

Lee's 

Operating 

Budget 

(X+Y) 

..ee's 
Operating 
Budget 
(Original 
Estimates ) 

CIA's 

Doerating 

3uoget 

|  1960 

9.3 

5.1 

4.2 

9.3 

4.1 

5.2 

9.3 

9.3 

9.0 

j  1S61 

11.5 

5.3 

6.3 

11.5 

4.3 

7.3 

11.6 

10.1 

9.6 

1962 

12.5 

5.3 

7.4 

12.6 

4.5 

8.1 

12.5 

10.7 

10.3  | 

1963 

13.9 

5.1 

3.3 

13.9 

4.3 

9.1 

13.9 

11.4 

10.9 

|  1964 

13.3 

5 . 3 

3.0 

13.3 

5.1 

3.2 

13.3 

12.1 

11.7 

1965 

12.3 

5.2 

7.5 

12.3 

5.6 

7.2 

12.3 

12.3 

12. A  | 

i  1966 

13.4 

5.5 

7.9 

13.4 

5.9 

7.5 

13.4 

13.4 

13.2 

■  1967 

14.5 

5.3 

3.7 

14.5 

5 . 1 

3.4 

14.5 

14.5 

14.1 

1963 

16.7 

6.2 

10.5 

16.7 

6.7 

10.0 

16.7 

16.7 

15.0  ! 

1969 

17.7 

5.7 

11.0 

17.7 

7.0 

10.7 

17.7 

17.7 

15.0 

1970 

17.9 

7.1 

10.3 

17.9 

7.4 

10.5 

17.9 

17.9 

17.0 

1971 

17.9 

7.2 

(12.7) 

(20.0) 

7.3 

(10.1) 

(17.9) 

19.3 

18.1 

1972 

17.9 

7.7 

(13.3) 

A21.5) 

3.2 

(11.5) 

(19.7) 

20.3 

19.3 

1973 

17.9 

7.9 

(14.3) 

(22.2) 

8.9 

(12.3) 

(21.2) 

22.1 

20.6 

1974 

17.5 

3.3 

(15.4) 

(23.7) 

9.3 

(12.7) 

(22.0) 

23.1 

21.9  j 

1975 

17.4 

3.7 

(16.5) 

(25.2) 

9.7 

(13.2) 

(22.9) 

24.1 

23.3 

Taole  3  merely  Illustrates  how  this  new  estimation  method  can  effectively  circumvent  the  "defense  budget  strait 
jacket"  by  .means  of  a  wel  1 -recognized  econometric  procedure.  The  statistical  significance  of  these  1971-1975 
projections  based  upon  equations  (8),  (9),  and  (10)  are  beyond  the  scope  of  this  summary  report,  out  will  oe 
addressed  at  another  tine.  The  sources  of  the  figures  in  Table  2.7  are  as  follows: 

•  Column  2  is  from  Table  2.1  ano  constitutes  Stanley  Conn's  original  estimates  of  the  Soviet  Operating  budget. 

•  Column  3  is  from  Stanley  H.  Cohn's  “A  Re-Evaluation  of  Soviet  Defense  Expenditure  Estimates"  (the  revised 

version),  August  1976,  Aooendlx  Table  1,  Column  (14). 

•  Column  4  is  obtained  by  subtracting  Column  3  from  Column  2  for  1960-1970  and  using  Y„  .  -7.31+2.74X.  for  the 
1971-1975  projections  as  determined  by  a  least  squares  estimating  procedure. 

•  Column  5  is  Column  3  plus  Column  4. 

•  Column  6  is  from  3 i 1 1  Lee's  The  Estimation  jf  Soviet  Defense  Expenditures,  1955-75:  An  Jnconventional  Approach. 
1977,  Table  0.6,  Column  1,  page  280. 

•  Column  7  is  obtained  by  subtracting  Column  5  from  Column  2  for  1960-1970  and  using  Y„  «  1.37+1.17X.  for  the 
1971-1975  projections  as  determined  by  a  "east  squares  estimating  procedure. 

•  Column  3  is  Column  5  olus  Column  7. 

•  Column  9  is  also  from  3111  Lee's  book,  Taole  0.5,  Column  3,  page  280;  ‘rom  1961  to  1964,  Columns  3  and  9  di“er 

as  exolained  in  Footnote  A3. 

•  Column  10  is  derived  from  the  methodology  developed  in  *ables  2  and  3  of  Robert  Leggett's  and  Sheioon  Cabin's 
^forthcoming  article  on  "A  Rote  on  the  Meaning  of  the  Soviet  Defense  3udget"  in  Soviet  Studies. 

he  curvilinear  projection  equation  '"or  the  mid-point  values  of  their  interval  estimates  is:  3  ( 17. Oh  1 .265)  ' 

‘or  t  >  I960 .  1975. 
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included  in  the  figures  shown  in  Column  2  *or  the  oeriod  1961-1364.  As  a 
result,  the  figures  oresented  in  Column  7  for  the  period  1961-1964  may  be 
"too  high",  if  Bill  Lee’s  argument  is  accepted. 52  ;n  ariy  event,  it  is 
interesting  to  observe  that  Bill  Lee's  original  estimates  of  the  Operating 
Budget  in  Column  9  for  the  period  1971-1975  lie  between  nis  (X  +  Y)  projections 
in  Column  8  and  Stanley  Conn's  (X  +  y)  projections  in  Column  5.  Finally,  tne 
CIA  estimates  in  Column  10  for  the  period  1971-1975  ,  wnic.n  are  based  upon  a 
direct  costing  technique,  do  agree  more  closely  with  Bill  Lee's  (X  +  Y) 
projections  in  Column  3  than  with  his  original  estimates  in  Column  9.  Bill 
Lee's  original  estimates  of  the  Soviet  Operating  Budget  for  the  period  1971-1975 
in  Column  9  are  based  upon  the  following  formula: 


(X  +Yt)  =  a+(b+l)X.  for  t  =  1971, 


1975 


(11) 


with  a  =  0  and  b  =  1.48  determined  by  a  completely 
arbitrary  procedure. 


Therefore,  they  do  not  reflect  the  best  statistical  use  of  the  available 
sample  information. 53  jt  may  therefore  be  demonstrated  that  this  new  method 
of  estimating  the  Soviet  Operating  Budget  will  yield  the  best  possible  set  of 
projections  from  a  given  set  of  data,  because  it  is  based  upon  a  least  squares 
estimating  procedure.  Consequently,  even  if  Bill  Lee's  argument  cited  in  Foot¬ 
note  48  is  correct  and  the  observations  used  in  Column  7  of  Table  2.7  are 
modified  by  the  procedure  outlined  in  Footnote  51,  this  new  method  of  estimation 
will  yield  an  alternative  set  of  projections  for  the  period  1971-1975  that  are 

^  If  Bill  Lee's  argument  is  correct,  then  Column  2  minus  Column  9  for  the  period 
1960-1970  reflects  this  "hidden"  procurement  expenditure,  which  may  be  sub¬ 
tracted  from  the  figures  in  Column  7  for  each  year  before  the  new  estimation 
method  is  applied.  A  statistical  test  for  observational  "outliers"  in  the 
period  1961-1964  may  also  be  used  as  described  in  T.  Yamane,  Statistics:  An 
Introductory  Analysis,  Harper  and  Row,  N.Y.,  1967,  page  415. 

c  o  a 

The  b  =  1.48  estimate  is  based  upon  the  following  statement  by  Bill  Lee  in  his 
previously  cited  book,  i.e.,  "For  the  years  1971-75,  nonpersonnel  operating 
expenditures  and  military  construction  (i.e.,  Yt)  simply  are  estimated  as  148 
percent  of  personnel  expenditures  (i.e.,  X^),  the  average  by  which  the  latter 
exceeded  the  former  from  1968  through  1970".  (Table  0.5,  page  279.)  however, 
in  an  earlier  draft  copy  of  this  book  (Soviet  Defense  Expenditures  for  1955-1975, 
July  31,  1975,  Table  0.5,  page  0-14),  which  was  circulated  to  members  of  tne 
Intelligence  Community,  Bill  Lee  stated:  "For  the  years  1971-1975,  ncnoersonnel 
operating  expenditures  and  military  construction  simply  are  estimated  as  170 
percent  of  personnel  expenditures,  since  the  1 atter  axceeced  the  former  oy  mere 
than  70  percent  from  1965  through  1970". 
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statistically  superior  to  those  in  Column  9.  Once  a  set  of  data  is  accepted 
for  the  Xt  and  variables  in  Equation  (7),  then  the  parameters  a  and  b  can 
be  best  estimated  by  a  least  squares  procedure  so  that  Equation  (8)  will 
provide  the  best  projections  of  the  Soviet  Operating  Budget. 


2.6.2  Alternative  Methodologies  for  Estimating  Soviet  Research  and 
Development  Expenditures 


Bill  Lee  is  generally  critical  of  the  estimating  procedure  wherein 
Soviet  military  R&D  expenditures  are  estimated  as  a  percentage  of  the  Science 
line  item  shown  in  Table  2.1  for  the  following  reasons: 

'here  are  a  number  of  reasons  that  military  RDTXE  and  Soace  cannot  be 
derived  as  a  share  of  "Science".  F  i  rs  t. ,  as  is  shown  by  all  the 
evidence  already  given.  "Science"  does  not  include  some  applied 
research  outlays  and  much  of  the  cost  of  prototype  development. 

Second,  V.  Trapezhnikov  indicates  that  only  25  percent  of  "Science" 
expenditures  have  been  spent  for  military  purposes  from  the  1950s 
to  date.  In  1970,  this  amounts  to  only  about  2.9  to  3.1  billion 
rubles.  Th i rd .  V.  Puzenov,  the  head  of  GKNT's  Planning  Department, 
has  indicated  that  at  least  50  to  60  percent  of  "Science"  is  spent 
for  nonmilitary  programs.  Fourth .  it  is  simply  not  plausible  that 
the  USSR  could  either  finance  its  observed  military  RDT&E  and  national 
space  program  with  25  to  JO  percent  of  "Science"  or  coend  more  on 
civilian  RDT&E  than  on  mi  1 i tary/space  hardware  with  only  2U  to  25 
percent  of  "Science".  Finally,  at  least  three  Soviet  sources  have 
stated  that  development  costs  for  military  hardware  are  not  in 
"Science".  This  is  consistent  both  with  Trapezhni kov ' s  allocation 
of  25  percent  of  "Science"  to  the  military  and  with  the  small  share 
of  "Science"  funds  allocated  to  the  MBMW  sector  where  the  prototypes 
and  space  hardware  are  designed  and  fabricated.  Since  Trapezhni kov 
appears  to  be  the  most  official  source  available  on  the  military/ 
space  component  of  "Science",  a  more  detailed  analysis  of  his  data 
is  in  order. . . . 

In  sum,  Trapezhnikov  is  saying  that  only  25  percent  of  "Science"  has 
been  devoted  to  military  projects  over  the  years;  his  ruble  figure 
for  "Science"  either  matches  the  reported  "Science"  expenditures 
precisely  or  is  a  version  that  is  about  6  to  7  percent  (not  2S  to  AO 
percent)  higher  each  year... To  be  sure,  the  75-25  distribution  probably 
is  some  sort  of  nominal  average  about  which  individual  years  may  vary. 
But  the  basic  message  is  clear:  "Science"  is  not  the  principal,  much 
less  the  only,  source  of  military  space  RDT^E  funding  in  the  USSR.  bT 


54  Dp .  C i t .  ,  The  Estimation  of  Soviet  Defense  Expenditures,  1955-1975: _ An_ 

i  neon  vent  ioiTa  i  .Approach ,  paces  15-17  (under!  ininq  added  for  highlighting 
purposes ) . 
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Alternatively,  Sill  Lee's  methodology  for  estimating  military  R&D  expenditures 
is  based  upon  the  summation  of  the  following  R8.D  production  inputs: 

•  Compensation  paid  to  the  R&D  labor  force, 

•  Materials  utilized,  and 

•  The  investment  in  plant,  equipment,  and  training. 

From  this  summation,  he  then  subtracts  75  percent  of  the  "Science1  line 
item,  which  he  considers  to  be  the  civilian  share  of  R&D  expenditures,  and  the 
result  represents  his  estimate  of  Soviet  military  R&D  expenditures.  The  appli¬ 
cation  of  Bill  Lee's  methodoloay  is  reflected  in  Table  2.8. 

Table  2.8 
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1 

- 3 - 

- j - 

5 

6 

- 5 - 

— 9 — 1 

Science  Line 

440  Labor 

940 

340  VUCv  So 

Total 

Civil 

Mil f tarv 

[  tern 

Force 

Material s 

and 

940 

940 

940 

fear 

l Science) t 

Compensation 

Inputs 

Investment 

E  xpendl tures 

EApenJi tures 

E  xpenoi tures 

I960 

3.9 

1.9 

2.4 

1.5 

5.3 

2.9 

2.9 

.’43 

1961 

4.5 

2.3 

2.7 

1.6 

6.6 

3.4 

3.2 

•  ’ll  1 

196C 

5.2 

2.6 

3.0 

1.9 

7.5 

3.9 

3.6 

.692  1 

1963 

5.3 

2.3 

3.4 

2.1 

3.3 

4.4 

3.9 

.672  1 

1964 

6.4 

3.1 

3.3 

2.3 

9.2 

4.3 

4.4 

.687  1 

1965 

6.9 

3.4 

4.2 

2.3 

9.9 

5.2 

4.7 

631 

1966 

7.5 

3.6 

4.6 

2.2 

10.4 

5.6 

4.3 

640 

1967 

3.2 

3.9 

5.0 

2.6 

11.5 

6.2 

5.3 

.  ?46 

1963 

9.0 

4.4 

5.5 

3.1 

13.0 

6.3 

6,2 

638 

1969 

10.0 

4.9 

6.0 

2.9 

13.3 

7.5 

6.3 

.630 

1970 

11.7 

5.3 

6.3 

4.2 

16 . 3 

3.3 

7.5 

.o41 

1971 

13.0 

5.9 

7.4 

4 . 5 

17.3 

9.3 

3.0 

.615  ; 

1972 

14.4 

6.3 

3.2 

4.7 

19.2 

10.3 

3.4 

.583 

1973 

15.7 

6.9 

9.1 

5.2 

21.2 

11.3 

9.4 

.598 

1974 

16.5 

7.5 

9.7 

5.4 

22.6 

12.4 

10.2 

.613  ! 

1975 

17.5 

3.3 

10.6 

5.7 

:4.4 

1J.1 

11.  3 

.645  ; 

The  sources  of  figures  oresented  in  Table  2.3  are  as  follows: 


»  Column  2  Is  taken  -rom  fable  2.1; 

•  Column  3  is  taken  from  Sail  lee';  book  on  an  unconventional  aDDroacn, 

Coluiwt  l,  Table  0.16,  cage  293; 

t  Column  1  is  taken  from  Coluim  C  of  the  same  table,  page  C93; 

e  Column  5  is  Column  3  plus  Column  4  pf  tne  same  table; 

e  Column  6  is  the  sum  of  Columns  3,  4,  and  5  in  this  table; 

e  Column  7  is  ’51  of  Column  2; 

e  Column  3  is  Column  6  minus  Column  and 
e  Column  9  Is  Column  3  divided  by  Column  2. 


9s  jefined  in  3ill  lee  s  book,  VllCy  is  t.ne  Russian  abbreviation  -or  nigner  educational 
institutions. 
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However,  in  the  following  extract  from  a  recent  review  of  Bill  Lee's  book, 

Philip  Hanson  is  quite  critical  of  what  he  cites  as  Bill  Lee's  "misreading 
of  Trapeznikov"  (a  Soviet  source  of  information): 

In  general,  one's  confidence  in  Lee's  results  is  weakened-- 
perhaps  unfairly--by  his  cavalier  treatment  of  some  of  his 
Soviet  sources.  I  have  checked  three  citations  from  which 
Lee  seemed  to  be  deriving  some  rather  unexpected  information, 
and  found  that  in  each  case  he  was  reading  into  the  Soviet 
text  something  that  was  not,  in  my  judgement,  there.... 

The  misreading  of  Trapeznikov  (mis-transliterated  by  Lee 
throughout  as  Trapezhnikov--the  text  is  full  of  uncorrected 
errors  of  this  kind)  is  more  serious.  Lee  imputes  (pages  lb- 
17  and  294)  to  Trapeznikov  the  statement  that  252  of  an 
expanded  definition  of  "science"  spending  (wider  than  the 
budgetary  "science"  appropriation)  is  for  military  purposes. 

An  indiscretion  of  this  order  in  a  smal 1-ti razh  book  published 
in,  say,  Georgian  is  just  about  conceivable,  but  in  V op rosy 
ekonomiki ?  Needless  to  say,  Trapeznikov  did  not  in  fact  say 
this.  He  said,  that  only  75%  of  his  expanded  definition  of 
"science"  spending  was  an  input  to  technical  change,  and  that 
one  reason  why  not  all  "science"  spending  promoted  technical 
change  was  (in  his  view)  that  some  of  this  spending  was  for 
military  purposes.  To  be  fair  to  Lee,  he  does  stress  the 
unsatisfactory  and  provisional  nature  of  his  estimate  of 
military  RDT&E.  On  the  other  hand,  the  over-interpretation 
of  Trapeznikov  is  not  a  trivial  point,  since  he  uses  it  for 
a  crucial  step  in  ETs  estimation  of  military  RDT&E  (Appendix 
D).  57 

The  crucial  step  in  Bill  Lee's  methodology  for  estimating  Soviet  military  R&D 
expenditures,  which  is  dependent  upon  the  correct  interpretation  of  Trapeznikov's 
statements,  is  Bill's  estimation  of  Civil  R&D  expenditures  in  Column  7  of  Table 
2.8--and  this  reflects  Bill's  interpretation  that  only  25%  of  the  Science  line 
item  in  Tables  2.1  and  2.8  contains  military  R&D  expenditures. 


Equally  critical  of  Bill  Lee's  unconventional  approach  for  estimating 
Soviet  military  R&D  expenditures.  Professor  Stanley  Cohn  has  observed  that: 

His  (Bill  Lee's)  methodology  has  several  possible  short-comings.  He 
obtains  his  wage  bill  by  multiplying  the  RDT&E  employment  estimates 
of  David  Bronson  by  published  average  wages  in  Science.  However,  the 


Philip  Hanson,  "Reviews:  Estimating  Soviet  Defense  Expenditure,"  Soviet 
Studies ,  Volume  XXX,  Number  3,  July  1978,  pages  407-408. 
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3ronson  total  includes  RDT&E  personnel  erraloyed  in  production  enter- 
prises.58  Jo  tne  extent  that  their  wages  are  paid  out  of  the  receipts 
of  products  sold  by  their  enterprises,  there  is  double  counting  of 
defense  expenditures.  Lee's  estimate  of  material  incuts  into  RDT&E 
activities  is  based  on  the  official  net  material  product  allocation  in 
the  consumption  account  for  "material  expenditures  in  scientific  insti¬ 
tutions  and  administration".  He  obtains  estimates  of  such  allocations 
to  science  by  deducting  administrative  allocations,  which  he  approxi¬ 
mates  as  about  half  of  budget  allocations  to  "Administration".  However, 
the  Soviet  concept  of  administration  is  an  ambiguous  one.  As  Gertrude 
Schroeder  has  demonstrated, 59  the  manpower  and  budgetary  concepts  of 
"Administration"  would  be  considered  governmental  administrative 
activities  in  other  economies.  There  is  no  reason  to  believe  that  tne 
official  concept  is  the  same  in  the  national  income  allocations  as  it 
is  in  manpower  and  budget  estimates  where  there  are  prestige  reasons 
for  minimizing  the  size  of  the  administrative  apparatus. 

If  a  broader  concept  of  administration  is  used  in  the  national  accounts, 
then  Lee's  material  allocations  to  Science  are  overstated.  Finally,  he 
adds  to  the  official  investment  allocation  by  asserting  that  some 
investment  in  Science  is  financed  from  the  F.N.E.  portion  of  the  budget, 
as  well  as  from  the  Science  allocation  itself.  His  estimate  of  this 
supplement  is  notional.  Therefore,  there  exists  several  possibilities 
for  Lee's  overstatement  of  RDT&E  expenditures  in  his  methodology... 

At  this  stage  of  research  development,  given  the  likely  overstatement  in 
Lee's  estimate,  the  revised  Cohn  estimate  for  RDT&E  will  be  identical 
to  the  earlier  estimate.  Nimitz's  findings  that  about  a  hal f  of  RDT&E' 
expenditures  are  used  for  defense  purposes  are  assumed  to  apply  for  the 
entire  period  under  review. 60 


Although  Stanley  Cohn  accepts  Nancy  Nimitz's  estimate  that  50  percent  of  Soviet 
expenditures  for  Science  are  actually  for  Defense,  there  was  a  time,  as  indicated 
in  Footnote  22,  when  hi  s  estimate  was  100  percent .  Generally  speaking,  the  CIA  and 
IISS  estimate  Soviet  military  R&D  expenditures  to  be  aporoximately  two-thirds  of 
the  Science  line  item  in  the  budget.  In  view  of  this  range  of  estimates  of 
military  R&D  expenditures  as  a  percentage  of  the  Science  line  item  (i.e.,  from 
25;*  to  67°») ,  the  difference  between  the  percentage  that  is  bel  ieved  to  constitute 
military  R&D  expenditures  and  the  percentage  that  is  actually  used  for  purposes 
of  estimation  becomes  critically  important  when  it  is  also  assumed  that  some  Soviet 

58  David  Bronson,  "Scientific  and  Engineering  Manpower  in  the  USSR  and  Employment 

in  R&D",  Soviet  Economic  Prospects  for  the  Seventies,  JEC  report,  1973,  pages  584-585. 

59  Gertrude  Schroeder,  "A  Critique  of  Official  Statistics  on  Public  Administration 
in  the  USSR",  The  Association  for  Comparative  Economic  Studies  Bulletin,  Spring 
1976,  pages  23-44'. 

50  Op.  Cit.,  Stanley  H.  Cohn,  "A  Re-Evaluation  of  Soviet  Defense  Expenditure 

Estimates,"  pages  14-16.  The  reference  to  Nancy  Nimitz's  findings  is  a  reflection 
of  her  report  on  The  Structure  of  Soviet  Outlays  on  R&D  in  1960  and  1968,  RAND 
Corporation  (R-1207-0t)RE) ,  Chapter  III. 
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of  Table  2.5  times  Column  3  of  Table  2.4.  Column  4  is  Column  2  of  Table  2. 5* times 
Column  5  of  Table  2.4. 


31 


military  R&D  expenditures  are  excluded  from  the  Science  line  item.  This  situation 
may  be  expressed  symbolically  as  follows  for  each  estimate  in  Column  8  of  Table 
2.8: 

(Military  R&O ) t  =  S5t(Science)t  =  3£t( Science )t  +  Rt  (12) 

where  =  the  25  percent  of  "Science"  bel ieved  to  consist 
of  Soviet  military  R&D  expenditures, 

Rt  =  the  amount  of  Soviet  military  R&D  expenditures  excluded 
from  Science,  and 

=  the  estimated  level  of  military  R&D  expenditures  divided 
by  the  Science  line  item. 

As  may  be  observed  in  Column  9  of  Table  2.8,  the  estimates  o:  i-f  range  from  a 

high  of  3/4  to  a  low  of  3/5  during  the  period  1960- 19 7^ .  Althouqh  "he  estimates 

of  declined  from  1960  to  1965,  the  estimates  for  the  period  1967-1975  appear 

to  have  stabilized  at  slightly  less  than  2/3.  In  this  context,  a  methodology 

based  upon  the  use  of  a  "two-thirds  of  Science  rule"  for  estimating  Soviet 

military  R&D  expenditures  would  provide  a  good  approximation  of  the  averagevalue 

of  8- f  in  Column  9  of  Table  2.8;  i  .e. ,  t  7^sc«.! / 16 .  =  .655. 

5t  It- 1960  5tJ 

However,  instead  of  using  25%  as  the  magnitude  of  (as  interpreted  by 

Bill  Lee)  and  instead  of  estimating  R  implicitly  as  Column  6  minus  Column  2  in 
Table  2.8,  it  is  possible  to  reinterpret  Bill  Lee's  evidence  so  as  to  support  the 
following  estimating  relationship: 

(Military  R&D)t  =  c(Science)t  +  e£  (13) 

where  c  is  a  constant  parameter,  and 
is  a  "negligibly  small"  residual. ^ 

The  meaning  of  "nealigibly  small"  values  for  cj  may  be  formally  expressed  as 

u  2 

a  zero  mean  value  and  a  constant  variance;  i.e.,  E(e*)  =  0  and  Var(e*)  = 

Moreover,  since  the  variance  of  the  least  squares  estimator  for  c  is  the  reciprocal 
of  the  sample  size  (n)  times  the  ratio  of  the  variance  of  e*  diviaed  by  tne  variance 

^  Using  the  data  in  Columns  2  and  8  of  Table  2.8_and  the  least  squares  estimating 
technique,  then  c  =  .638  where  the  sum  of  all  e*  =  (Military  R&DL  -  (.638) 
(Science)^  is  zero  for  the  period  1960-1975.  However,  Column  8  does  not  contain 

observations--only  Bill  Lee's  estimates  of  (Military  R&D)^. 
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of  (Science)^  [i.e.,  Var(c)  =  (  1/n)  (a_*/Var(  Science  1^.] ,  then  the  assumption  with 
respect  to  "negligibly  small  residuals"  is  equivalent  to  the  assumption  that  this 
ratio  of  variances  is  subtantially  less  than  unity.  If  so,  tnen  Var(c)  will  be 
small  for  a  given  sample  size,  and  there  will  be  a  statistically  significant 
correlation  between  the  annual  observations  for  (Science)^  and  the  unobserved  values 
for  (Military  R&D)^  in  Equation  (13).  Under  these  conditions  and  assumptions  based 
on  the  least  squares  principle  of  estimation,  the  Science  line  item  may  be  used  as 
an  acceptable  "instrumental  variable"  in  the  estimation  of  Soviet  military  R&D 
expendi tures . 


The  foregoing  assumptions  may  be  tested  by  setting  Equation  (12)  equal  to 
Equation  (13)  so  as  to  obtain: 

3  5 1  =  c  +  (s£/(Science)t)  (14) 

where  will  stabilize  to  the  constant  value  c  only  when  the 
ratio  of  e*  divided  by  (Science)t  becomes  "negligibly  small". 


Bill  Lee  has  provided  evidence  of  this  stabilization  in  the  values  of  3* 
associated  with  his  baseline  methodology  for  independently  estimating  total  Soviet 
R&D  expenditures  in  Column  6  of  Table  2.8.  Although  Bill  Lee  was  primarily 
concerned  with  the  implicit  implementation  of  Equation  (12),  his  evidence  may  be 


reinterpreted  to  support  the  estimation  of  the  instrumental  variable  in  Equation 

cp 

(13).  However,  because  the  true  values  of  (Military  R&D)t  are  unknown,  this 
supporting  evidence  must  be  used  indirectly  to  examine  the  stability  of  3jt  in 
Equation  (14)  for  sample  period  1960-1975.  The  evidence  in  Column  9  of  Table  2.8 


suggests  that  e*  is  a  "negligibly  small"  residual  when  c  is  set  to  a  value  slightly 
less  than  that  of  the  "two-thirds  of  Science  rule".  Therefore  ,  another  assumption  with 


regard  to  8|t  and  Rt  in  Equation  (12)  [i.e.,  s|t«2/3  and  R  «  0,  wnich  are 
generally  used  by  CIA  and  IISS]  will  also  be  consistent  with  Bill  Lee's  estimates 
of  Soviet  military  R&D  expenditures.  Only  Stanley  Cohn  has  adopted  an  alternative 


- ; - 

The  expression  for  Bill  Lee's  implicit  estimation  of  Rt  in  Equation  (12)  is  R  = 
(Total  R&D),.  -  (Science),.  =  Column  6  minus  Column  2  in  Table  2.8. 

When  a|t  =  2/3  and  Rt*'0,  then  c  =  2/3  in  Equation  (14),  which  is  consistent 

with  Bill  Lee's  expression  in  Footnote  62.  The  essential  difference  between. 

Bill  Lee's  estimation  of  Soviet  military  R&D,  on  tne  one  hand,  and  that  of  CIA 
and  the  IISS,  on  the  other  hand,  involves  their  hypotheses  with  regard  to  whether 
or  not  military  or  civil  R&D  expenditures  are  "hidden"  in  other  than  tne  Science 
line  item.  However,  this  is  not  relevant  to  the  problem  of  estimating  Soviet 
military  R&D  expenditures  with  "Science"  as  an  acceptable  "instrumental  variable". 
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assumption  with  regard  to  3£t  and  Rfc  in  Equation  (12)  [i.e.,  3*t  =  1/2  and 
«  0],  which  implies  a  value  of  c  that  is  not  consistent  with  Bill  Lee's 
estimates  [i.e.,  c  =  3|t  =  1/2  wnen  as  0],  In  this  context,  Stanley  Cohn's 
criticism  of  Bill  Lee's  methodology  warrants  additional  researcn  for  the  purpose 
of  verifying  that  the  stabilized  values  of  §5t  in  Table  2.8  are  not  materially 
changed  so  that  the  test  in  Equation  (14)  remains  valid.  However,  it  would  be 
possible  for  Stanley  Cohn  to  retain  his  belief  that  it.  =  1/2  (i.e.,  one  half 

Dt 

of  the  Science  line  item  contains  military  R&D  expenditures)  and  to  eventually 
revise  his  own  estimates  so  that  they  would  be  consistent  with  Bill  Lee,  CIA 
and  IISS  in  Equation  (14)  (i.e.,  c«2/3).  This  revision  would  require  that 
Stanley  Cohn  be  willing  to  assume  that  some  military  R&D  expenditures  have  been 
hidden  outside  the  Science  line  item  (i.e.,  R  >  0)  and  that  he  provide  an  inde¬ 
pendent  estimating  methodology  for  the  remainder  (R  )  in  Equation  (12)  so  that  the 

Dattern  of  values  for  tL.  in  Equation  (14)  will  stabilize  at  c  =  2/3  for  the 
64 

period  1960-1975.  The  important  estimating  relationship  in  Equation  (13) 
simply  requires  a  stable  and  statistically  significant  correlation  between  the 
Science  line  item  in  the  Soviet  budget  and  the  Soviet  military  R&D  expenditures. 


2.6.3  Estimation  of  National  Security  Durables 


Bill  Lee's  procedure  for  estimating  national  security  (NS)  or  military 
durables  consists  of  the  following  basic  steps: 

•  Determine  the  establishment  (or  commodity)  machine-building 
and  metal-working  (MBMW)  gross  value  of  output  (GVO)  as 
reported  by  the  Soviet  Central  Statistical  Directorate  (TSU) 
or  Gosplan; 

•  Subtract  the  GVO  of  the  metal-working  (MW)  and  repair  sectors, 
which  then 

t  Equals  the  GVO  of  the  machine-building  (MB)  sector; 

0  Subtract  all  intermediate  products  (inter-  and  intra¬ 
industry),  which  then 

04  For  example,  Stanley  Cohn  has  cited  an  unpublished  manuscript  by  Nancy  Nimitz 
(i.e..  Comments  on  William  T  Lee's  Interpretation  of  Soviet  Science  Outlays, 
an  unpublished  rAnD  manuscript,  March  1976,  page  25)  which  introduces  evioence 
that  total  R&D  outlays  officially  omitted  from  the  Science  line  item  constitute 
no  more  than  30  percent  of  the  reported  expenditures.  If  Stanley  Cohn  were 
willing  to  assume  that  half  of  this  30  percent  omitted  from  the  Science  line 
item  constitutes  military  R&D,  then  the  substitution  of  Rt  =  (.  15) (Science) t 
and  3£t  =  1/2  into  Equation  (12)  would  result  in  a  revised  estimate  of  c  =  (65, 
which  is  close  to  the  "two-thirds  of  Science  rule". 


47 

i 


0  Equals  the  final  demand  (FD)  of  MB; 

0  Subtract  exports,  which  then 
0  Ecuals  tne  domestic  FD  of  MB;  and 

0  Subtract  the  producer  and  consumer  durables  net  of  imports, 
which  then 

0  Equals  the  national  security  hardware  as  a  residual.*^ 

These  nine  basic  steps  may  be  reduced  to  the  following  three  equations  using  the 
symbolic  notation  previously  utilized  by  Stanley  Cohn  on  page  28: 

(i);  MB  GVO  =  MBMW  GVO  -  MW  and  repair  GVO 

(ii):  MB  FD  =  (MB  GV0)(RATI0)  =  (MB  GVO)  -  intermediate  products 

(iii):  Dm  =  MB  FD  -  (Dc  +  0p  +  De  -  Di ) 

where  (RATIO)  is  the  (MB  FD)/(MB  GVO)  ratio  from  the 
reconstructed  1959  and  1966  Soviet  input/output  (I/O) 
tables  in  producer's  prices. 

Equation  (i)  represents  the  determination  of  MB  GVO  by  subtracting  the 
GVO  of  the  metal-working  and  repair  sectors  from  the  MBMW  GVO.  An  alternative 
approach  to  the  estimation  of  MB  GVO  is  provided  through  the  use  of  the  MB  GVO 
index  from  the  Soviet  statistical  handbook  (Narodnoe  Khoziaistvo)  and  a  MB  GVO 
control  total  for  1959  or  1966  from  the  reconstructed  Soviet  I/O  tables  in 
producer's  prices.  This  type  of  a  consistency  check  is  performed  by  Bill  lee  on 
his  estimates  of  commodity  and  establishment  basis  MB  GVO  for  the  period  1966- 
1975.^°  However,  this  same  consistency  check  for  the  period  1955-1967  is  per¬ 
formed  only  on  his  estimates  of  the  establishment  basis  MB  GV0O/  due  to  an  alleged 
inconsistency  with  his  estimates  of  the  commodity  basis  MB  GVO  for  this  earlier 

period--which  Bill  Lee  describes  as  follows: 

- - 

03  Op.  Ci t . ,  Bill  Lee's  book  on  an  unconventional  approach,  pages  36-37.  The 
establishment  MBMW  GVO  series  consists  of  all  outputs  produced  by  the  MBMW 
sectors,  even  if  they  consist  of  non-MBMW  products.  The  commodity  MBMW  GVO 
series  consists  of  all  MBMW  products  regardless  of  where  they  are  produced. 

66  Ibid.,  Table  A. 16,  page  189.  The  control  total  for  the  establishment  basis 
MB  GVO  is  derived  from  Table  A. 5,  page  173,  and  uses  1970  as  the  base  year. 

This  derivation  of  the  control  total  for  the  establishment  basis  MB  GVO  contains 
a  substantial  "new  product  pricing  bias"  which  will  be  discussed  later  in  this 
summary  report. 

67  Ibid.,  Table  A. 14,  page  186  provides  the  consistency  check  for  the  establishment 
basis  MB  GVO  for  the  period  1955-1967. 
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(Commodity  MBMW)  GVO  for  1955  and  1960  assumes  reported  1959 
I/O  table  ratio  of  92  percent  for  commodity  to  establishment 
GVO;  ratio  applied  to  establishment  MBMW  GVO  in  Table  4.1. 
(MBMW)  GVO  for  1959  is  from  Vladimir  Treml ,  Barry  L.  Kostinsky, 
and  Dimitri  M.  Gallik,  The  1959  Reconstructed  Table,  FER  .No.  6 
(Washington,  D.C.:  U.S.  Department  of  Commerce,  Bureau  of 
Economic  Analysis,  February  1975),  pages  45-46.  Note  that  it 
is  incompatible  with  reported  establishment  (MBMW)  GVO  in 
Table  4.1,  since  23.9  divided  by  the  reported  ratio  of  92 
percent  equals  26.0,  as  compared  to  29.5  billion  rubles. 
Obviously,  the  coverage  of  establishment  GVO  in  the  1959  I/O 
table  differs  from  TSU  establishment  coverage  in  Table  4.1, 
and  probably  also  from  the  1966  I/O  table.  (MBMW)  GVO  for 
1966  represents  the  reported  88  percent  commodi ty-to-establ i sh- 
ment  ratio  for  that  year  applied  to  the  establishment  (MBMW) 

GVO  of  Table  4.1.  °8 


A  recent  revision  of  the  1959  I/O  table  by  Stanley  Cohn,  based  upon  a  published 

revision  of  the  1966  I/O  table  by  Vladimir  Treml,  Barry  L.  kostinsky,  and 

Dimitri  M.  Gallik,  yields  a  higher  control  total  for  MB  GVO  (i.e.,  20.3  billion 

rubles)  in  1959  in  producers'  prices.®^  This  new  control  total,  plus  6.0  billion 

rubles  for  MW  and  repair  GVO,  equals  26.8  for  the  commodity  basis  MBMW  GVO  which, 

when  divided  by  the  "reported  ratio  of  92  percent"  equals  29.1  billion  rubles  for 

the  establishment  basis  MBMW  GVO.^  Therefore,  the  recent  revision  in  the  1959 

and  1966  I/O  tables  appears  to  have  eliminated  the  previous  incompatibility  cited 

by  Bill  Lee  because  29.1  is  very  close  to  the  original  29.5  billion  rubles  for 

establishment  MBMW  GVO  reported  in  Bill  Lee's  Table  4.1. 

- - 

Ibid.,  Table  4.2,  Footnote  a,  page  60.  The  terms  in  parentheses  have  been  added 
for  clarity,  and  the  Table  4.1  cited  by  Bill  Lee  is  located  on  page  56  of  his 
book.  Some  more  recent  evidence,  which  will  be  discussed  later,  indicates  that 
the  1966  commodi ty-to-establ ishment-basis  ratio  is  higher  than  92  percent  for 
1959— not  lower  (i.e.,  88  percent)  as  reported  by  Bill  Lee.  In  fact,  the  1966 
commodity-to-establishment-basis  ratio  became  closer  to  unity  after  the  recent 
revisions  of  the  1966  I/O  table. 

^  Op.  C i t . ,  Stanley  H.  Cohn,  "Estimation  of  Military  Durables  Procurement  Expen¬ 
ditures  from  Machinery  Production  and  Sales  Data,"  Appendix  A,  "Derivation  of 
input-output  control  totals  for  1959  and  1972,"  pages  A1-A2;  and  the  published 
revision  of  the  1966  I/O  table  by  the  U.S.  Department  of  Commerce  Foreign  Demo¬ 
graphic  Analysis  Division,  (The  Reconstructed  1966  Soviet  Input -Output  Table  in 
Purchasers'  and  Producers '  Prices,  revision  of  June  1977). 

^  When  this  new  control  total  of  20.8  billion  rubles  for  the  1959  MB  GVO  is  used^ 
with  the  MB  GVO  index  reproduced  in  Table  A. 15,  Column  2,  page  187  of  Sill  Lee's 
book,  the  commodity  basis  MB  GVO  that  is  derived  for  the  period  1955-1967  is  con 
sistent  with  the  alternative  approach  based  on  Equation  (i):  i.e.,  ilB  uVU 
MBMW  GVO  -  (MW  and  repair  GVO). 
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In  spite  of  this  reconciliation,  Stanley  Cohn  has  expressed  nis  general 
criticism  of  Bill  Lee's  use  of  the  92  and  38  percent  "commodity-to-establ isnmen 
basis  ratios"  in  his  consistency  checks  in  the  fol lowing  terms: 


According  to  the  estimates  of  Treml  ana  his  associates,  the  ratio  of 
ccmodity  to  establishment  production  for  tne  ‘■'3  sector  was  .92  in 
1959.  Lee  basically  uses  tnis  ratio  for  1959,  in  addition  to  impres¬ 
sionistic  estimates  of  reductions  in  the  ratio  to  around  .38  in  1966 
and  ,3S  afterward,  in  order  to  estimate  both  GBO  and  final  demand  time 
series  in  establishment  prices. 

One  major  qualification  which  he  disregards  is  the  non-orooortional 
nature  of  conversion  from  commodity  to  establishment  bases.  All 
computations  of  the  commodity  establishment  ratio  are  in  terms  of 
GVO.  Since  most  of  the  adjustment  concerns  reallocation  of  production 
of  intermediate  ratner  than  final  products,  particularly  of  material 
i routs ,  the  adjustment  -atio  is  considerably  smaller  for  final 
products.  In  fact,  for  machinery  sectors,  the  final  demand  estimates 
may  vary  little  at  all  in  real  terms.  Final  demand  estimate  have  not 
been  calculated  in  establishment  accounting  terms  by  any  official 
statistical  organization.  Since  tne  establishment  accounting  basis 
classifies  relatively  inefficient  non-machine  building  establish¬ 
ments  as  croducers  of  machinery,  the  higher  valuation  of  input  costs 
thereby  obtained  would  logically  yield  ccmmensurately  higher  final 
estimates.  However,  such  final  product  would  be  no  higher  in  a  real 
sense,  but  only  in  reflecting  higher  cost  non-machinery  sector 
producers.  Therefore,  the  higher  military  durables  final  demand 
residuals  which  Lee  obtains  by  the  establishment  accounting  basis 
are  specious.  Yet,  Lee  tends  to  *avor  the  establishment  accounting 
approach,  since  he  has  a  longer  time  series  *or  GVO  in  such  terms. 
However,  a  commodity  series  could  have  been  constructed  from  data 
obtained  from  the  I/O  reconstructions.  71 

The  reason  that  Bill  Lee  emphasized  the  establishment  basis  for  estimating  ,\S 
durables  instead  of  the  commodity  basis  can  be  traced  to  the  original  inconsis¬ 
tency  which  he  discovered  for  the  period  1955-  1967--as  identified  in  Footnote 
68.  According  to  Bill  Lee, 

It  should  be  understood .  that  a  comprehensive  estimate  of  HS 

hardware  cannot  be  derived  from  the  I/O  tables,  in  part  because  of 
the  inherent  characteristics  of  I/O  tables  and  in  part  because  of 
the  way  the  Soviets  chose  to  report  the  I/O  data.  After  ail,  tne  TSL1 
is  not  about  to  present  State  secrets  on  a  silver  platter,  so  tc 
speak,  to  Western  I/O  analysts. 

71  Op.  C i t . ,  Stanley  H.  Cohn,  "Estimation  of  Military  Durable:  Procurement 
Expenditures  from  Machinery  Production  and  Sales  Data,"  pages  27-2S. 
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There  are  three  principal  reasons  that  the  answer  cannot  be  derived 
from  the  I/O  tables.  First,  the  individual  MBMW  industries  all  produce 
both  military  and  civilian  products.  Even  the  primarily  military 
industries,  for  which  the  Soviets  did  not  publish  the  flows,  co  not 
turn  out  only  military  products.  Conversely,  the  primarily  civilian 
industries  do  not  turn  out  only  civilian  products.  Second,  FD  in  the 
I/O  tables  is  not  reported  as  being  distributed  bet.. sen  investment, 
consumption,  and  defense.  Instead,  FD  from  the  I/O  tables  can  oe 
distributed  only  by  "public  consumption”,  "private  consumption",  and 
"other  FD" .  These  categories  '•eally  tell  us  nothing  about  the  end-use 
allocation  of  M8MW  FD.  Third,  there  is  reason  to  believe,  although 
those  who  have  worked  with  Treml  on  reconstructing  the  I/O  tables 
may  disagree  vigorously,  that  the  adjustment  of  the  I/O  tables  from 
establishment  to  commodity  coverage  removed  much  FD  allocated  to 
defense  from  the  MBMW  sector. 72 


However,  as  indicated  in  Footnote  68,  the  original  inconsistency  has  now  been 
resolved,  so  that  it  is  now  important  to  determine  whether  or  not  Bill  Lee  still 
believes  that  "a  comprehensive  estimate  of  NS  hardware  cannot  be  derived  from  the 
I/O  tables".  Stanley  Cohn,  on  the  other  hand,  clearly  believes  that  only  a  commo¬ 
dity  basis  is  relevant  for  the  estimation  of  NS  procurement  based  upon  the  I/O 
tables;  as  he  observes,  "establishment  accounting  basis  estimates  are  specious". 

In  this  context,  it  will  be  interesting  to  determine  the  ratio  of  commodity-to- 
establishment  production  for  the  MB  sector  in  the  producers’  prices  version  of 

the  1972  I/O  table  for  the  purpose  of  testing  Stanley  Cohn's  criticism  of  this 

73 

portion  of  Bill  Lee's  methodology. 


Returning  now  to  the  three  equations  on  page  48,  Equation  (ii)  represents 
the  determination  of  MB  FD  by  multiplying  MB  GVO  by  the  ratio  of  (MB  FD ) / (MB  GVO) 
from  the  reconstructed  1959  and  1966  Soviet  I/O  tables  in  producers'  prices.  In 
order  to  provide  annual  values  for  the  (RATIO)  parameter  in  Equation  (ii),  Bill 
Lee  uses  a  linear  interpolation  procedure  for  the  period  1959-1966,  but  uses  the 

1966  value  of  the  ratio  for  the  period  1967-1975  which  he  explains  as  follows: 

- - - - 

Op.  Cit.,  William  T.  Lee's  book  on  an  unconventional  approach,  pages  41-42. 

7 1 

Some  recent  empirical  evidence  reported  by  Robert  J.  Abbott,  Estimating  Soviet 
Spending  for  Military  Hardware  From  Machinebuilding  and  Metalworking  Statistics, 
CIA  working  paper.  September  1$78.  oaqe  5  and  by  James  E.  Steiner,  Inflation  in 
Soviet  Industry  and  Machine-Building  and  Metal  Working  (MBMW)  1960- another 
CIA  working  paper,  July  1978,  page  J7,  indicates  that  the  1972  commodi ty-to- 
establ ishment-basis  ratio  actually  exceeds  unity  (i.e.,  1.03  to  1.04)  in 
producers'  prices. 
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A  former  Soviet;  economist  reports  that  tne  FD-to-GVC  ratio  .vas 
somewhat  hi  oner  in  tne  jnouol isnea,  primarily  military,  MS  sectors 
in  tne  1966  table  t"an  in  tne  published.  primarily  civilian,  '-’B 
sectors,  "his  i~ol Ses  a  higher  decree  of  . ercical  ;ncecraf’on  in 
t re  ce'ense  incustries,  wn i cn  is  consistent  with  ctrer  evidence. 

It  is  likely,  tnerefore,  that  tne  rat;o  or"  MB  FD  to  "S  GVO  for  all 
(commodity)  MB  in  1965  actually  was  in  tne  ne;ghbcrrocd  of  65 
percent. 

Although  the  conventional  wisdom  exoected  the  ratio  of  MB  FD  to  MB 
GVO  to  decline  substantially  over  any  ceriod  whatsoever,  evidently 
it  nas  seen  fairly  stable.  As  Seeder  points  out,  FD  may  nave  risen 
as  a  share  of  MB  GVO  since  1966  with  the  return  to  administration  by 
centralized  ministries.  Soviet  sources  provide  some  evidence  to 
support  Becker's  hypothesis. 

In  view  of  this  evidence  the  question  is  whether  the  ratio  of  FD  to 
GVO  in  the  MBMW  and  MB  sectors  has  risen  or  declined  since  1966. 

The  1972  I/O  table  should  provide  a  firm  checkpoint  as  soon  as  it 
is  processed.  Seme  increase  in  the  weight  of  intermediate  procucts 
in  GVO  may  have  resulted  from  the  sharp  price  increases  in  materials 
in  1967.  Meanwhile,  extraoolating  the  1966  ratio  seems  olausible 
as  long  as  the  results  are  analyzed  for  their  sensitivity  to 
extrapolation  of  the  1959-66  trends  in  MB.  74 

By  contrast,  Stanley  Cohn  uses  the  revised  1966  I/O  data  in  producers '  prices 
and  a  methodology  involving  the  projection  of  trends  in  the  relationships  between 
purchasers'  and  producers'  prices  for  the  key  control  values  of  the  (RATIO)  in 
1959,  1966,  and  1972.  This  methodology  utilizes  a  curvilinear  interpolation 
procedure  "by  assuming  equal  annual  proportional  changes"  between  the  foregoing 
benchmark  years. A  comparison  of  the  3 i 1 1  Lee's  and  Stanley  Cohn's  estimates 
of  the  (RATIO)  is  provided  in  Table  2.9  for  the  period  1955-1975. 


Op.  C i t . ,  Bill  Lee's  book,  pages  190-191  (underlining  added  for  highlighting 
purposes) . 


Op.  Cit.,  Stanley  H.  Cohn,  "Estimation  of  Military  Durables  Procurement 
Expenditures  from  Machinery  Production  and  Sales  Data,"  Taole  2,  Footnote 
b,  page  7.  For  the  period  1959-1966,  the  curvilinear  interpolation  formula 
is  ( RATIO) t  =  bt_l559(RATI0)1959  for  t=l959,...,  1966  where  D  =  [(RATIO) ig66/ 

(RATIOhg^q]  used  by  Stanley  Cohn;  and  the  linear  interpolation  formula  is 

{ RAT  1 0 )  t  =  c  (t- 1959)  +  (RATIO)  ig5g  for  t=1959,...,  1966  where  c  =  [(RATIO)  ige 

(RATIO) 195g]/( 1966-1959)  used  by  Sill  Lee. 
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Table  2.9 

Alternative  Estimates  of  the  (MG  FD ) / ( MB  GVO)  Ratio  ^6 


1 

2 

r  —  ~~ 

3 

Bill  Lee  Ratio  77 

Stanley  Cohn  Ratio 

Year 

( percent) 

(oercent) 

1955 

65.0  to  70.0 

81.3 

1956 

65.0  to  70.0 

79.0 

1957 

67.0  to  69.0 

76.8 

1958 

64.5  to  68.0 

74.6 

1959 

64.2  to  67.2 

(72.5)  or  (15.0/20.3) 

63.6  to  66.5 

70.4 

1961 

63.0  to  65.8 

68.3 

1962 

62.5  to  65.0 

66.1 

1963 

61.9  to  54.3 

64.0 

1964 

61.4  to  63.6 

61.3 

1965 

60.8  to  62.9 

59.7 

1966 

60.2  to  62.2 

1)7.6  or  (27.6/47.9) 

60.2  to  62.2 

56.9 

1968 

60.2  to  62.2 

56.1 

1969 

60.2  to  62.2 

55.4 

1970 

60.2  to  62.2 

54.6 

1971 

60.2  to  62.2 

54.8 

1972 

60.2  to  62.2 

(53.0)  or  (45.2/85.3) 

1973 

60.2  to  62.2 

52.3 

1974 

60.2  to  62.2 

51.5 

1975 

60.2  to  62.2 

50.8 

The  sources  of  the  figures  presented  in  this  table  are  as  follows: 

•  Column  2  is  from  Sill  Lee's  book:  Table  4.1,  Row  4,  page  56 
and  Table  4.3,  Row  4,  page  61--based  upon  data  in  Table  A. 17, 
page  190;  and 

•  Column  3  is  from  Stanley  Cohn's  1977  paper  on  the  estimation 

of  military  durables  procurement  expenditures.  Table  2,  Column  2, 
page  7— which  includes  the  cable  industry. 

77  The  range  of  values  in  this  column  reflects  a  negative  FD  in  the  cable 
industry  for  both  1959  and  1966  which,  when  included,  produces  the  low 
limit  of  the  range  and,  when  excluded,  produces  the  uoper  limit. 
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Clearly,  mere  is  an  important  difference  between  the  Sill  Lee 
estimates  of  the  (RATIO)  in  Table  2.9  ana  tnose  associateu  ..itn  Stanley  Conn's 
•methodology,  "or  example,  Stanley  Cohn  estimates  the  RATIO)  to  be  slightly 
higher  than  Sill  Lee's  for  1959  and  slightly  lower  than  Sill  Lee's  by  the  same 
difference  (i.e.,  about  5  percentage  points)  for  1965.  However,  subse¬ 
quent  to  1966,  the  difference  between  these  two  estimates  of  the  ratio  of  MB 
FD  to  MS  GVO  widens  because  Stanley  Cohn's  estimating  .methodology  is  based  upon 
evidence  from  the  1972  Soviet  I/O  table.  This  new  information  suggests  that, 
wnen  compared  to  Sill  Lee's  estimate,  the  ratio  of  MB  FD  to  MB  GVO  has  declined 
from  1966  to  1975  by  10  to  12  percentage  points.  However,  Stanley  Cohn's 
estimating  methodology  is  based  upon  a  number  of  assumptions  and  the  recent 
upward  revision  in  the  estimate  of  GVO  and  final  demand  for  machine  building 
in  the  1966  I/O  table,  with  a  substantial  offset  by  reduced  GVO  and  final 
demand  for  the  Industry,  n.e.c.  sector.  As  Stanley  Cohn  explains  his  methooology, 

Since  no  similar  adjustment  is  contemplated  for  their  1959  matrix, 
ft  will  be  assumed  that  the  same  relative  adjustments  a^e  acoro- 
pnate  for  tne  cerived  1959  control  totals ..  .Consistency  is 
maintained  between  the  1959  and  1966  estimates  by  assuming  that 
the  same  percentage  changes  in  both  GVO  (gross  value  of  output) 
and  final  demand  calculated  for  1966  also  apply  to  1959.  In 
terms  of  purchasers'  prices  the  GVO  and  final  demand  for  machine 
building  (MB)  are  increased  by  15.5  and  25.8  percent,  respectively. 

In  producers'  prices  the  increases  are  16.3  and  29.0  percent. 

However,  the  1972  accounts  pose  an  additional  problem.  The  T-eml 
team,  which  has  painstakingly  reconstructed  the  1959  and  1966 
Soviet  I/O  matrices  in  both  producers'  and  purchasers'  prices, 
has  not  yet  had  sufficient  time  and  information  to  recalculate 
their  initial  1972  reconstruction  in  purchasers'  prices  to  a 
producers'  prices  basis.  Since  consistency  in  this  study  is 
required  between  the  benchmark  year  estimates,  it  has  oeen 
necessary  to  improvise  a  recalculation  in  producers'  prices. 

Essentially  the  methodology  is  one  of  projecting  trends  in 
relationships  between  purchasers'  and  producers'  prices  for  the 
key  control  variables  for  the  years  1959  and  1966  forward  to  1972. 


/S  Ibid.,  Appendix  A,  oages  A1-A2.  However,  the  appropriateness  of  Stanley  Cohn's 
assumed  relative  adjustment  in  the  1959  control  totals  has  been  questioned  Dy 
Barry  Kostinsky  of  the  Foreign  Demographic  Analysis  Division  of  the  Department 
of  Commerce.  According  to  Barry  Kostinsky,  no  similar  adjustment  is  contem¬ 
plated,  necessary,  or  even  approriate  for  the  1959  I/O  table.  The  underlining 
in  this  citation  has  been  added  for  highlighting  purposes. 
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Since  Bill  Lee  used  the  old  data  before  the  current  revisions  to  estimate 

his  (RATIO)  in  Table  2.9,  the  new  data  and  Stanley  Cohn's  methodological 

assumptions  may  be  summarized  as  shown  in  Table  2.10.  The  1966  row  in  Table 

2.10  reflects  the  recent  revision  in  the  1966  I/O  table  which  caused  the  magnitude 

of  MB  FO  and  MB  GVO  to  be  increased  by  virtue  of  a  corresponding  decrease  in  the 

final  demand  and  GVO  for  the  Industry,  n.e.c.  sector.  This  change  reflects  the 

impact  of  new,  externally  supplied  information.  As  previously  indicated, 

Stanley  Cohn  then  assumes  that  "the  same  percentage  changes  in  both  GVO  and 

final  demand  calculated  for  1966  also  apply  to  1959".  These  assumed  "mark-up" 

percentages  are  reflected  in  Columns  3  and  6  for  producers'  and  purchasers'  prices, 
79 

respectively.  Therefore,  the  new  data  for  1959  is  obtained  by  multiplying  the 
previous  data  in  Column  2  by  the  assumed  "mark-up"  percentages  in  Column  3.  These 
new  data  determine  the  ratio  of  producers ' -to-purchasers '  prices  shown  in  Column 
9  for  1959  and  1966.  A  curvilinear  extrapolation  of  these  1959  and  1966  ratios, 
as  defined  in  Footnote  75,  determines  the  1972  ratios,  which  are  shown  in 
parentheses.  These  ratios  are  then  multiplied  by  the  1972  figures  in  Column  7 
to  provide  the  estimates  for  1972  wnich  are  shown  in  parentheses  in  Column  4. 

As  may  be  observed,  the  values  of  the  (MB  F0)/(MB  GVO)  ratio  in  Table  2.10  are 
the  same  as  the  benchmark  values  for  1959,  1966,  and  1972  in  Table  2.9. 

The  crucial  step  in  Stanley  Cohn's  methodology  involves  his  implicit 

assumption  with  regard  to  the  entries  in  Column  7  of  Table  2.10  for  1972  which  are 

explained  in  Footnote  83.  Instead  of  being  located  in  Column  7,  these  entries 

should  actually  be  located  in  Column  5  in  lieu  of  the  (?)  entries,  because  only 

the  1966  I/O  table  had  actually  been  revised.  Instead  of  projecting  the  ratio 

of  producers ' -to-purchasers '  prices  in  Column  9  to  implicitly  account  for  the 

future  revision  of  the  1972  I/O  table,  an  alternative  approach  can  be  developed. 

If  the  assumed  "mark-up"  percentages  in  Column  6  are  multiplied  by  the  (?)  entries 

in  Column  5,  then  alternative  values  for  1972  MB  FO  and  MB  GVO  reflecting  the 

80 

future  revision  of  the  1972  1/0  table  are  generated  for  Column  7. 

79 

However,  there  may  be  differences  in  definitions  of  machinery  building 
between  Sill  Lee  (who  includes  the  abrasives  sector)  and  Stanley  Cohn  (who 
excludes  the  abrasive  sector).  Stanley  Cohn's  methodology  is  based  upon  new 
data  for  1966  and  the  seouence  o*  assumptions  identified  in  Table  2.10. 

0  ’he  confutations  are  as  follows:  ( 52 . 5 ) { 1 . 258}  =  66.045  for  1972  MB  FD  and 
94.0)  (1.1551  =  108.57  for  1972  MB  GVO  with  the  1972  (RATIO)  =  .608  instead 
-  .558  as  shown  in  Column  7. 
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Table  2. 10 

A  Revision  of  the  Basic  Control  Totals 


for  MB  FD  and  MB  GVO 


SI 


:  1 I  2 j  3  J A  I  5  i  6  1  7  I  3 


- 1 — - — - - - - 

Producers'  Prices  1  Purchasers'  Prices 

Ratio  of 
Producers'  to 
Purchasers'  Prices 

Old 

Data 

(Lee) 

(Assumed 

Mark-Up)S2 

New 

Data 

(Cohn) 

Old 

Data 

(Lee) 

(Assumed  ^ 
Mark-Up)33 

New 

Data 

(Cohn) 

Year 

Lee 

Cohn 

MB  FD 

11.5 

25.4 

(??) 

(l . 29o) 

Qs.o] 

27.6 

(45.2) 

13.04 

(?) 

[l  .258) 

0-0 

31.2 

52 .5  83 

.882 

C-910 

.885 

(.860) 

1959 

1966 

1972 

17.8 

42.1 

(??) 

(l.l63) 

(lo.s]] 

47.9 

(35.3) 

19.57 

(?) 

{l.l55} 

0-0 

52.6 

94.0  33 

.909 

r.  9 16^! 

.9lT 

(.907) 

1959 

1966 

1972 

MB  FD/ 
MB  GVO 
RATIO 

.646 

.603 

(??) 

C-725] 

.576 

(.530) 

.666 

(?) 

.726 

.593 
.558  33 

1959 

1966 

1972 

3 1 

The  sources  of  the  figures  presented  in  this  table  are  as  follows: 

•  Column  2  is  taken  from  Bill  Lee's  book.  Table  A. 17,  page  190; 

•  Columns  3  and  4  are  taken  from  Appendix  A  of  Stanley  Cohn's  paper  cited 
in  Footnote  77; 

•  Column  5  is  Column  7  divided  by  Column  6; 

•  Columns  6  and  7  are  also  taken  from  Appendix  A  of  Stanley  Cohn's  1977  paper; 

•  Column  8  is  Column  2  div  led  by  Column  5;  and 

•  Column  9  is  Column  4  divided  by  Column  7. 

As  may  be  observed.  Column  2  times  Column  3  equals  Column  4  and  Column  5  times 
Column  6  equals  Column  7--which  are  underlying  relationships. 

82 

The  comment  on  Stanley  Cohn's  methodological  assumption  cited  in  Footnote  76  could 
be  interpreted  as  a  requirement  for  the  assumed  "mark-up"  values  in  Columns  3  and 
6  of  this  table  to  be  unity--which  would  definitely  change  Stanley  Cohn's  results 
unless  other  methodological  assumptions  were  introduced. 

83 

These  entries  are  actually  "old  data,"  but  they  were  used  by  Stanley  Conn  because  they 
are  from  the  1972  I/O  table--which  was  not  used  by  Bill  Lee.  When  Stanley  Cohn  prepared 
his  1977  paper,  only  the  1966  I/O  tables  had  been  revised.  Subsequently,  in  1978,  a 
new  set  of  unpublished  revisions  was  released  and  are  cited  in  the  two  references 
identified  in  Footnote  73. 
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These  new  values  may  then  be  multiplied  by  the  ratio  of  producers ' -to- 

purchasers*  prices  in  Column  8  to  replace  the  entries  in  parentheses  in 
34 

Column  4.  The  resulting  new  1972  (RATIO)  is  .590  instead  of  .530  in  Column 
4  and  almost  equals  Bill  Lee's  1966  (RATIO)  of  .603  in  Column  2.  Consequently, 
by  using  an  alternative  approach  based  on  Stanley  Cohn's  assumed  "mark-up" 
percentages,  instead  of  projecting  trends  in  relationships  between  purchasers' 
and  producers'  prices,  then  Bill  Lee’s  assumption  of  a  constant  MB  FD/MB  GVO 
ratio  from  1967  to  1975  is  consistent  with  the  same  evidence  cited  by  Stanley 
Cohn .  Obviously,  the  issue  of  a  declining  or  constant  (RATIO)  since  1966  has 
not  been  resolved  by  the  introduction  of  Stanley  Cohn's  new  evidence  based  upon 
the  revised  1966  I/O  table.  What  is  needed  is  the  explicit  revision  of  the 
1972  I/O  table  in  producers'  prices  in  order  to  determine  the  (??)  entries  in 
Column  2  of  Table  2.10.  This  explicit  evidence  is  now  available,  but  has  not 
yet  been  processed.  However,  it  will  be  the  focus  of  future  empirical  research 
which  will  have  as  its  objective  the  resolution  of  the  obvious  discrepancy  between 
the  alternative  estimates  of  (RATIO)  in  Table  2.9. 

Returning  once  again  to  the  three  equations  on  page  48,  Equation  (iii) 
represents  the  determination  of  the  final  demand  for  military  durables  based 
upon  the  same  computational  procedure  which  is  illustrated  in  Table  2.3  (i.e., 

MB  FD  minus  Civilian  Final  Demand  equals  Military  Final  Demand).  However, 

Stanley  Cohn  performs  all  of  his  calculations  in  current  rubles  which  requires 
price  index  deflations  from  constant  to  current  rubles  to  be  performed  for  each 
component  of  Equation  (iii).  By  contrast.  Bill  Lee  performs  all  of  his  calcu¬ 
lations  in  constant  rubles  and  then  performs  only  one  deflation  of  the  Military 
Final  Demand  variable,  D  ,  instead  of  a  separate  deflation  of  each  component 
with  different  price  indices.  The  methodological  problems  created  by  the 
comparison  of  two  or  more  baseline  methodologies  using  different  price  deflators 
has  been  previously  cited  in  this  report.  However,  there  is  one  final  methodo¬ 
logical  difference  between  Stanley  Cohn  and  Bill  Lee  in  their  respective  imple¬ 
mentation  of  Equation  (iii)  which  Stanley  Cohn  explains  as  follows: 


The  computations  are  as  follows:  ( 66 . 045 ) ( .382)  =  58.25  for  1972  MB  FD  and 
( 108.57) ( .909)  =  98.69  for  1972  MB  GVO  with  the  1972  (RATIO)  =  .590,  instead 
of  .530  as  shown  in  Column  4.  The  use  of  the  ratio  value  in  Column  8  reflects 
the  only  known  ratio  value  in  Column  9  (i.e.,  the  1966  value)  which  has 
approximately  the  same  magnitude. 
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3111  Lee  underestimates  demand  for  both  consumer  (D  )  and  producer 
(0  )  durables.  In  a  methodology  which  relies  upon  a  residual  cal¬ 
culation  of  military  demands,  such  underestimates  serve  to  overstate 
his  military  demand  estimates. 

He  bases  his  time  series  for  consumer  durables  demand  on  a  production 
index  derived  by  the  Office  of  Economic  Research,  C.I.A.  in  1963. 

He  then  moves  this  index  forward  by  assuming  that  its  trend  is 
identical  to  that  of  his  M3 MW  index.  His  valuation  is  in  terms  of 
1967  prices.  What  he  overlooks  are  the  benchmark  consumer  durables 
final  demands  magnitude  available  from  the  reconstructed  I/O  tables. 
In  aGdition,  the  O.E.R.  has  constructed  new  consumer  durables 
production  indices,  the  most  recent  one  being  made  available  to  this 
author  in  April  of  1977. 

Bill  Lee  also  underestimates  producer  durables  demand,  largely  for 
methodological  reasons.  We  both  use  investment  durables  expenditures 
as  a  proxy  for  producer  durables  production.  However,  my  study 
assumes  a  lag  of  a  year  between  production  and  accretion  to  capital 
stock,  while  Lee  assumes  simultaneity.  Since  the  durables  comoonent 
of  fixed  investment  has  exhibited  a  monotonies! ly  rising  trend,  nis 
absence  of  a  lag  introduces  a  persistent  downward  bias  in  his 
producer  durables  estimates. 35 


These  improvements  in  the  estimation  of  the  variables  0c  and  0p  tend  to  reduce  the 
magnitude  of  the  estimates  of  miltiary  durables  final  demand,  D  .  However,  the 
magnitude  of  MB  FD  is  crucially  dependent  upon  the  value  of  Dm  in  Equation  (iii). 
This,  in  turn,  depends  upon  the  value  of  the  (RATIO)  in  Equation  (ii)--which  has 
been  estimated  by  both  Bill  Lee  and  Stanley  Cohn  in  Table  2.9.  The  resolution 
of  the  different  underlying  assumptions  pertaining  to  the  estimation  of  the 
(RATIO)  in  Table  2.10  will  not  be  possible  until  the  evidence  in  the  revised 
1972  I/O  table  in  producers'  prices  is  processed.  Since  any  new  MB  GVO  control 
total  for  the  1959  I/O  table  (i.e.,  20.8  in  Column  4  of  Table  2.10)  will  resolve 
the  original  inconsistency  cited  by  Bill  Lee  between  the  establishment  and 
commodity  basis  MB  GVO  from  Equation  (i),  one  crucial  factor  in  Bill  Lee's 
methodology  is  the  estimation  of  the  (RATIO)  in  Equation  (ii)  which  Bill  Lee 
acknowledges  as  follows: 


35 


Op.  Cit.,  Stanley  Cohn's  1977  paper,  pages  29-30. 
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Given  the  availability  of  Soviet  data,  some  deo ree  of  error  in 
the  calculation  of  MS  durables  is  inevitably  introduced  at 
several  points...  If  there  has  been  a  substantial  decline  in  t.ne 
'itio  of  -.3  FD  to  ."3  GVO  since  1966,  the  low  side  of  tne  error 
budget. . .would  imply  NSE  for  1970  and  1975  (in  1967  orices  on  a 
commodity  basis)  of  1.3  and  8.3  billion  rubles  less  than  the 
original  estimates.  „ Wi th  the  exception  of  1975  when  uncertainty 
about  the  ratio  of  FD  to  GVO  dominates  the  calculations,  the  MS 
durables'  component  of  MB  GVO  appears  to  have  been  understated 
by  10  to  20  percent  or  more  in  the  previous  calculations.  86 


In  this  context.  Bill  Lee's  estimates  of  the  commodity  basis  NS  durables  expen¬ 
ditures  for  1970  and  1975  shown  in  Column  3  of  Table  2.4  can  be  reduced  by  1.3 
and  8.3  billion  rubles,  respectively.  This  would  be  a  sufficient  adjustment 
to  achieve  substantial  agreement  with  Stanley  Cohn's  estimates  of  Final  Demand 
Residual  in  Column  1  and  State  Reserves  in  Column  2  of  Table  2.4,  which  would 
resolve  the  major  methodological  difference  between  Bill  Lee's  and  Stanley 
Cohn's  numerical  estimates  of  Soviet  National  Security  durables.  Bill  Lee's 
commodity  and  establishment  basis  estimates  of  Soviet  NSE  are  summarized  in 
Table  2.11. 

In  order  to  compare  Bill  Lee's  estimates  of  Soviet  NSE  in  Table  2.11  with 
those  developed  by  Stanley  Cohn,  Stanley  Cohn's  estimates  of  Soviet  NSE  based 
upon  the  Change  in  State  Reserves  and  the  Final  Demand  for  Military  Durables 
are  summarized  in  Table  2.12.  A  comparison  of  Columns  6  and  7  in  Table  2.12 
reveals  close  agreement  between  these  two  alternative  estimates  of  Soviet  wSE 
during  the  period  1960-1975.  By  contrast,  a  comparison  of  Columns  6  and  7  in 
Table  2.11  reveals  an  increasing  divergence  between  these  two  alternative  esti¬ 
mates  of  Soviet  NSE  after  1970.  Inasmuch  as  the  CIA  estimate  of  Soviet  defense 
spending  in  1970  is  40-45  billion  rubles  (excluding  Space)  and  45  to  50  billion 
rubles  (including  Space),  then  Bi  1 1  Lee 's  estimates  for  1970,  as  reflected  in  Columns 
6  and  7  of  Table  2.11,  are  in  close  agreement.  By  comparison,  Stanley  Cohn's 
estimate  of  Soviet  NSE  for  1970,  as  reflected  in  Columns  6  and  7  of  Table  2.12, 

QC 

Op.  C i t . ,  Bill  Lee's  book  on  an  unconventional  approach,  pages  70-75.  ihe 
data  in  Row  4  of  Table  4.9  is  applied  to  Table  4.4  in  order  to  compute  the 
reduction  in  NSE  for  1970  and  1975  in  1967  prices  on  a  commodity  basis. 
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Table  2.11 

Bill  Lee's  Estimates  of  Soviet  National  Security  Expenditures 
on  a  Commodity  and  Establ i shment  Basis  37 
(billions  of  current  rubles) 


1 

? 

3 

4 

5 

6 

7 

NS 

NS 

Soviet 

Soviet 

Soviet 

Mi  1  i  tary 

Ourables 

Durables 

NSE 

NSE 

Ooerating 

RS0 

(Commodity 

(Establ isnment 

Estimates 

Estimates 

Budget 

Expend! tures 

3asi s ) 

Basis) 
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(Establishment  3asis ) 

fear 

i5c  defense),, 

Bsjt  Science) 

* 

w 

y 

Y5t 
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°5t 

0* 

J5t 

1960 

9.3 

1.0 

(  2.9) 

(4.3)  1.5* 

5.7 

(3.3) 

11.3* 

16.0 

1961 

10.0 

1.1 

(  3.2) 

1.3* 

7.3 

(5.2) 

12,9* 

18.5 

1962 

10.7 

1.3 

(  3.6) 

2.2* 

9.0 

(6.7) 

id. 2* 

21.0 

1963 

11.4 

1.4 

(  3.9) 

2.7* 

10.2 

(7.7) 

15.3* 

23.0 

1964 

12.1 

1.6 

(  4.4) 

3.2* 

10.3 

(3.0) 

16.9* 

24.5 

1965 

12.3 

1.7 

(  4.7) 

3.3* 

11.5 

__[3,5) 

18.3* 

26.0 

1966 

12.4 

U 
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•i.5 
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IIKH 
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- jo - 

1967 

14.5 

TT 

T ” 

6.7 

13.7 

■Mi 

- jo - 

30 

1968 

15.7 

6.2 

C  3.1 

3.7 

15.6 

33.5 

38.5 

1969 

17.7 

6.3 

C  3.4] 

10.7 

13.0 

36.3 

42.0 

1970 

17.9 

7.5 

[10.0 

12.3 

20.6 

40.2 

46.0 

1971 

19.3 

3.0 

[10. S] 

13.5 

22.7 

43.4 

50.0 

1972 

20 . 3 

3.4 

[11.3 

16.4 

25.3 

48.0 

54.5 

1973 

22.1 

9.4 

L12.61 

13.7 

29.0 

53.4 

60.5 

1974 

23.1 

10.2 

[13.5' 

20.4 

31.7 

57.1 

65.0 

1975 

2«.i 

11.3 

L^-3] 

1  23.3 

36.1 

62.3 

71.5 

The  sources  of  figures  presented  in  Table  2.11  are  as  follows: 

•  Colunr  2  is  Column  9  of  Table  2.7. 

•  Column  3  is  Coluim  8  of  Table  2.7  for  entries  inside  the  parentheses  between  1960  and  1966, 
and  for  entries  outside  the  parentheses  between  1947  and  1975.  The  entries  outside  the 
paratheses  between  i960  and  1966  are  military  R4D  expenditures  not  concealed  in  the  estimates 
of  NS  durables  in  Columns  a  and  5.  The  entries  inside  brackets  between  1967  and  1975 
reflect  estimates  of  military  R40  expenditures  Such  that  Columns  2,  3,  and  4  will  sum  to 

Col  umn  6 . 

•  Column  4  reflects  the  mid-point  values  of  Table  4.7,  peg"  67  of  Bill  Lee's  book  for  entries 
between  1966  and  1975.  Entries  with  asterisks  from  I960  to  1965  are  "backcasted"  from  the 
1966  base  value  using  the  mid-point  of  Bill  Lee's  1959  I/O  table  estimate  for  MS  durables 
of  1.25  billion  rubles  ( 1 . e . ,  Table  4.2,  Column  2,  Row  9,  on  oage  50  of  Bill  Lee's  book). 

The  revised  1959  I/O  table  estimate  reflecting  the  new  information  from  Stanley  Conn  with 
regard  to  *8  5V0,  but  still  using  Bill  Lee's  methodological  assumptions,  is  3.20  billion 
runles.  *he  magnitude  of  the  1960  entry  in  parentheses  ^4.3)  reflects  the  new  information, 
and  the  1960  entry  with  an  asterisk  (1.5)  reflects  the  old  information.  It  may  also  be 
observed  in  Column  3  that,  for  the  year  1960,  there  would  appear  to  be  (2.9-1.01  *  1.9 
billion  rubles  of  military  R40  concealed  in  the  4.3  billion  ruble  estimate  of  NS  durables  in 
Column  4,  wntch  leaves  2.4  billion  rubles  for  procurement.  But,  (2. 4-1. 5*1  ■  0.9  billion 
rubles,  wnich  reflects  an  underestimate  of  procurement  due  to  the  previous  inconsistency  or 
"information  error"  associated  with  the  original  Soviet  1959  I/O  table.  Therefore,  eacn 
entry  with  an  asterisk  from  1960  to  1965  implements  the  statements  in  Footnote  46— but 
based  upon  the  original  information  availaole  to  Bill  Lae  in  the  Soviet  1959  I/O  taole. 

•  Column  5  is  from  Tables  4.5  and  4.6,  pages  65-66  of  3 i 1 1  Lee's  book.  Entries  within  the 
parentheses  *'rom  1960  to  1966  assume  no  hidden  military  R40  expenditures,  wnereas  entries 
outside  the  parentheses  from  1960  to  1966  contain  some  hidden  military  R40  expenditures 
and  correspond  to  the  mid-ooint  values  in  Table  4.5,  page  65  of  Sill  Lee's  book.  Entries 
"'rom  1967  to  1975  exceed  the  mid-ooint  values  in  'able  4.5  pn  oage  66  because  the  ’ower 
oounoary  values  for  military  R40  in  Column  3  plus  Columns  2  ana  5  must  eouai  Column  ",  The 
difference  between  these  entries  ind  the  mid-noint  values  reflect  hidden  military  R40 
expenditures  for  procurement. 

•  Column  5  reflects  the  mid-ooint  values  of  "able  4.",  page  57  of  3111  Lee's  book  and  cor-es- 
oonos  to  the  sum  of  Columns  2,  3,  and  4 — similar  to  the  foregoing  explanation  of  Column  3. 

•  Column  7  reflects  the  mid-ooint  values  of  'ables  4.5  and  4.5,  cages  65-66  of  3ill  Lee  ino 
cor-esoonos  to  the  sum  of  Columns  2,  3,  and  5.  "he  entr'es  without  parentheses  in  Columns 
3  and  5  are  cpmoatible  ana  may  be  added. 
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Table  2.12 


Stanley  Cohn's  Estimates  of  Soviet  National  Security  Expenditure  on  Chanoe 
in  State  Reserves  and  Final  Demand  for  Military  Durables  Bases  88 
(billions  of  current  rubles' 


Soviet  Military 

Operating  R&D 

Budget  Expenditures 

Year  a4t(Defense)t  S^Science) t 


Change  in  Final  Demand 
State  for  Military 
Reserves  Durables 
(midpoint)  (midpoint) 

Y4t 


Soviet  NSE 
Estimates 


Soviet  NSE 
Estimates 
(Final  Demand 


■  (Change  in  State  for  Military 
I Reserves  Basis)  Durables  Basis) 


^The  sources  of  the  figures  presented  in  Table  2.12  are  as  follows: 
«  Column  2  is  the  Soviet  Oefense  line  item  from  Table  2.1; 


•  Column  3  i 
t  Column  4  i 

•  Column  5  i 

•  Column  6  i 

•  Column  7  i 


s  50  percent  of  the  Soviet  Science  line  item  from  Table  2.1; 
s  Column  8  of  Table  2.2; 
s  Column  7  of  Table  2.3; 
s  the  sum  of  Columns  2,  3,  and  4;  and 
s  the  sum  of  Columns  2,  3,  and  5. 
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are  5-1G  billion  rubles  less  than  the  CIA  estimate  of  40-45  billion  rubles. 

In  1975,  Bill  Lee's  estimates  of  Soviet  NSE  are  greater  than  the  CIA  estimates, 
while  Stanley  Conn's  estimates  are  still  less  tnan  the  CIA  estimates. ^  Any 
downward  revisions  in  the  estimates  of  0^t  and  D|t  in  Table  2.11  as  a  consequence 
of  Stanley  Cohn's  observations  on  Bill  Lee's  methodology  will  result  in  a  closer 
agreement  with  the  CIA  estimates.  By  like  token,  any  upward  revisions  in  tne 
estimates  of  D^t  and  0|t  in  Table  2.12  as  a  consequence  of  Bill  Lee's  indirect 
observations  on  Stanley  Cohn's  methodology  will  also  result  in  a  closer  agreement 
with  the  CIA  estimates. 


2.6.4  Criticisms  of  the  Unconventional  Method 


As  has  already  been  indicated  in  part,  there  have  been  a  number  of 
critical  observations  with  regard  to  Bill  Lee's  unconventional  method  of 
estimating  Soviet  NSE.  However,  Bill  Lee  himself  provides  the  following 
summary  of  the  basic  criticisms  of  his  methodology: 

The  CIA,  Abraham  Becker  of  RAND,  and  SRI  have  been  quite  critical 
of  this  author's  method  of  estimating  NS  durables  as  a  residual  of 
MBMW  GVO.  The  important  criticisms  are  common  to  Becker  and  to 
CIA,  who  are  joined  in  some  instances  by  Stanley  Cohn  for  SRI. 

The  three  basic  criticisms  concern  alleged  systematic  biases  in  MBMW 
GVO,  namely, 

•  Double  counting  of  intermediate  products  and  components, 

•  Overpricing  of  new  products,  and 

t  Compatibility  of  MBMW  GVO  data  from  the  I/O  tables  with 
USSR  TSU  and  Gosplan  MBMW  GVO. 

The  CIA  has  raised  all  three  issues  but  Becker  and  Cohn  abstain 
from  the  double-counting  charge. 


aq 

The  CIA  estimate  of  NSE  for 
which  becomes  58-62  billion 
is  assumed.  If  the  broader 
expenditures)  is  used,  then 
billion  current  rubles  must 


1975  is  50-55  billion  constant  1970  rubles, 
current  ruDles  when  2  percent  per  year  inflation 
aefinition  of  Soviet  NSE  ^to  include  Space 
the  5  billion  constant  1970  rubles  or  5.5 
be  aoded  to  tne  CIA  •.stimate  of  NSE  for  1975. 
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In  surmary,  first,  the  double-counting  bias  is  very  small  and  has 
been  removed.  Second,  none  of  the  empirical  evidence  supports  the 
overpricing  charge.  Value  added  in  MBMW  grows  as  rapidly  as  GVO. 

Any  undetected  overpricing  is  removed  along  with  producer  and 
consumer  durables.  Third,  the  identifiable  consequence  of 
unavoidably  mixing  I/O  table  data  with  TSU  and  Gosplan  data  is  to 
minimize  the  NS  durables  estimated  as  residual  of  MBMW  GVO. 

The  new  data  accepted  by  the  CIA  indicate  the  NSE  estimates  of  this 
study  are  conservative:  50  billion  compared  to  43  to  49.5  billion 
rubles  in  1970  (broad  definition  of  NSE  including  Space).  If  the 
critics  had  been  right,  my  estimates  would  have  been  much  too  high 
instead  of  somewhat  too  low.  The  revised  CIA  estimates  for  pro¬ 
curement  and  spare  parts  in  1970  implicitly  admit  that  the  biases' 
alleged  by  the  critics  were  not  present  that  year. 

All  the  valid  criticisms  for  which  adequate  data  are  available  have 
been  taken  into  account.  Four  valid  criticisms  remain,  but  none 
represent  errors  of  method,  fact,  or  judgment;  they  are  simply 
defects  in  the  data.  When  better  information  becomes  available, 
the  necessary  adjustments  will  be  made.  90 

Although  a  rigorous  examination  of  these  basic  criticisms  is  beyond  the  scope 
of  this  summary  report,  a  somewhat  detailed  review  of  the  arguments  will  be 
provided  in  the  sub-sections  which  follow. 


2.6.4. 1  The  Double-Counting  Bias.  The  principal  proponent  of  the  double 
counting  bias  criticism  is  the  late  Rush  Greenslade  of  CIA,  who  provided  the 
following  empirical  evidence  in  support  of  his  contention  that  there  is  such  a 
bias  in  Soviet  reports  on  MBMW  GVO: 

The  index  of  total  machinery  production  shown  in  the  text  is 
derived  from  the  official  gross  value  of  output  indexes  (GVO) 
for  MBMW  with  adjustments  for  the  double  counting  and  new  product 
pricing  biases.  It  is  an  attempt  to  approximate  a  net  output  for 
MBMW,  including  the  production  of  military  hardware. 

The  upward  bias  in  the  GVO  measure  resulting  from  increasing 
double  counting  of  inputs  is  shown  below  by  changes  in  the 
ratio  of  MBMW  deliveries  outside  the  MBMW  branch  to  GVO  for 
the  branch  as  given  in  the  input-output  tables  for  1959,  1966, 
and  1972. 
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Op.  Cit.,  Bill  Lee’s  book  on  an  unconventional  approach,  pages  150-151 
(underlining  added  for  highlighting  purposes). 


Table  15 


Ratio  of  MBMW  Deliveries  Net  of  Intra-Branch 
Deliveries  to  MBMW  GVO 
(Purchasers'  Prices) 


Year 

Ratio 

1959 

.823 

1966 

.775 

1972 

.715 

The  declining  trend  in  the  ratio  was  extrapolated  to  1950  at  the 
rate  of  0.0015  points  per  year  to  0.837  in  1950.  The  estimated 
ratios  were  multiplied  by  the  values  of  GVO  in  current  prices  for 
1950-60  to  arrive  at  an  estimated  net  value  of  MBMW  output.  The 
rate  of  price  inflation  was  assumed  to  be  one  percent  per  year 
except  in  years  when  the  official  price  index  dropped  more  t.nan 
five  percentage  points.  In  those  years,  it  was  assumed  that  all 
of  the  drop  was  real,  except  for  2’;  oercentage  ooints.  This 
assumption,  while  somewhat  arbitrary,  is  consistent  with  t.ne 
general  belief  that  the  official  price  index  reflects  price  move¬ 
ments  for  only  a  sample  of  commodities;  excluding  for  the  most 
part  newer  products  which  in  the  aggregate  would  reflect  an 
upward  trend  in  prices.  This  procedure  surely  does  not  yield 
precise  resul ts--only  plausible  trends  for  illustrative  purposes. 

The  resulting  machinery  index  grows  at  an  average  annual  rate  of 
12.3  percent  per  year  in  1951-60  compared  with  15.7  percent  for 
GVO,  a  difference  of  3.4  percent  per  year. 

For  1961-1966  and  1967-1972,  the  trend  of  net  output  of  MBMW 
in  current  prices  taken  from  the  input-output  tables  was  de¬ 
flated  by  the  price  deflator  suggested  by  Becker. 91  He  estimated 
that  machinery  prices  rose  by  two  percent  in  the  1960's  and  one 
percent  in  the  1970’s...The  average  discount  of  the  deflated  net 
index  from  the  official  gross  index  is  3.3  or  3.2  (percent  per 
year).  These  discounts  are  applied  to  the  official  index  to  obtain 
adjusted  indexes  for  the  intervening  years. 

For  the  period  1973-1975,  the  adjusted  rate  of  growth  is  assumed 

to  be  the  official  annual  rate  of  growth  minus  3.2  percentage  points  .92 

- - - — 

Abraham  Becker,  Ruble  Price  Levels  and  Collar-Ruble  Ratios  of  Soviet  Machinery 
in  the  1960 ' s ,  RAND  report  1063-DDRE,  January  1973,  page  21. 

^  Rush  V.  Greenslade,  "The  Real  Gross  National  Product  of  the  USSR,  1950-1975"  in 
the  Joint  Economic  Committee  (JEC)  of  Congress  report  on  Sqviec  Economy  in  a 
New  Perspective,  October  14,  1976,  page  291.  An  example  of  double  counting  is 
a  carburetor  that  may  be  counted  once  as  the  output  of  a  carburetor  plant  anc 
again  as  a  portion  of  the  output  of  a  truck  factory  within  tne  MBMW  sector. 
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Sill  Lae,  however,  dismisses  Rush  Greenslade's  double-counting  bias  argument 
and  the  need  to  use  a  "net"  MBMW  GVO  value  in  step  one  of  the  procedure  which 
he  describes  on  page  47  in  the  following  terms: 

His  (Greenslade's)  evidence  for  the  bias  in  MBMW  is  essentially 
of  two  kinds:  (a)  evidence  that  intra-MBMW  intermediate  products 
have  increased  as  a  share  of  GVO  and  (b)  a  few  samples  of  branch 
output  reported  in  rubles  that  do  not  match  branch  GVO.  Green- 
slade  did  not,  however,  discuss  changes  in  the  ratio  of  all 
intermediate  products,  intra-MBMW  and  inter-industry,  to  GVO  over 
time,  which  conversely,  is  the  ratio  of  FD  to  GVO.  It  is  the 
trend  in  these  latter  two  ratios,  not  the  trend  to  intra-MBMW 
transactions  alone,  that  determines  whether  the  official  GVO  data 
are  systematically  biased  upward. 

The  recently  completed  reconstruction  of  the  1959  and  1966  I/O 
tables  in  producers'  prices  appears  to  be  the  best  empirical  test 
of  the  alleged  "double  counting"  bias  in  MBMW  GVO.  Treml,  et  al, 
found  that  the  ratio  of  MBMW  FD  to  GVO  rose  from  53  percent  in 
1959  to  61  Percent  in  1966,  while  for  MB  the  ratio  declined  from 

64.2  percent  to  60.2  percent,  if  one  includes  the  negative  FD  for 
the  cable  industry  in  both  I/O  tables,  and  from  67.2  percent  to 

62.2  percent,  if  one  excludes  the  cable  industry. 93  inis  means 
that,  between  1959  and  1966  at  least,  "double  counting"  bias  did 
not  exist  in  MBMW  as  a  whole  and  was  quite  small  in  MB.  To  be 
sure,  Treml's  data  are  in  current  prices,  but  it  is  difficult  to 
see  how  FD  could  have  declined  as  a  share  of  GVO  in  constant  prices 
if  it  increased  or  declined  slightly  in  current  prices. 


Return  to  ministerial  management  in  the  mid-1960's  may  have 
arrested,  or  even  reversed  the  trend  in  MB,  since  the  1959-66 


decline  of  FD  as  a  share  of  GVO  may  have  been  one  result  of  the 
sormarkhoz  experiment,  which,  among  other  things,  was  intended  to 
reduce  vertical  integration  of  the  production  process.  On  the 
other  hand,  the  sharp  increase  in  materials  prices  in  1967  may  have 


raised  the  ratio  of  intermediate  products  of  GVO  and  hence  reduced 


the  ratio  of  FD  to  GVO.  When  the  1972  table  is  similarly  reconstruc¬ 
ted,  we  will  have  a  third  data  point. 94 


Vladimir  G.  Treml,  Barry  L.  Kostinsky,  Kurt  W.  Kruger,  and  Dimitri  M.  Gallik, 
Conversion  of  Soviet  Input-Output  Tables  to  Producers'  Prices:  The  1966  Recon¬ 
structed  Table,  FER  No.  1,  Washington,  D.C.:  U.S.  Department  of  Commerce,  Bureau 


of  Economic  Analysis,  July  1973,  pages  47-48,  68-69;  and  Vladimir  G.  Treml,  Barrv 
1.  Kosti nsky ,  and  Dimitri  M.  Gallik,  The  1959  Reconstructed  Table,  FER  No.  6, 
Washington,  D.C.:  U.S.  Department  of  Commerce,  Sureau  of  Economic  Analysis, 
February  1975,  pages  45-46,  84-85. 


Op.  C i t . ,  Sill  Lee's  book  on  an  unconventional  approach,  pages  237-238.  Producers' 
prices  are  equal  to  the  factory  cost  isebestoimost)  olus  the  permitted  rate  of 
profit;  whereas,  purchasers '  prices  are  equal  to  producers'  prices  plus  turnover 
tax,  transportation  and  distribution  costs.  The  1959,  1966,  and  1972  I/O  tables 
used  by  Rush  Greenslade  for  the  computations  in  his  Taole  15  are  in  purchasers' 
prices — not  producers'  prices  (underlining  added  for  highlighting  purposes). 
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On  the  oasis  of  the  foregoing  citations,  it  is  apparent  that  Bill  Lee 
and  Rusn  Greenslade  are  using  different  definitions  of  douDle-counting  bias, 
as  well  as  different  sources  of  data,  in  order  to  test  for  the  presence  of 
double-counting  bias.  For  purposes  of  clarifying  these  differences  in  defini¬ 
tions,  MBMW  GVO  may  be  expressed  symbolically  as  follows: 


(15) 


where  P.X.  represents  the  total  MBMW  GVO  deliveries, 

P.j .  represents  the  MBMW  GVO  i ntra-oranch  deliveries, 
j-N 

j-j  P.x...  represents  the  MBMW  GVO  inter-branch  deliveries,  and 

C .  is  the  MBMW  FO  (i.e.,  final  demand).^" 

Rush  Greenslade 's  ratio  in  his  Table  15  may  therefore  be  expressed  symbolically 
as  follows: 


The  decline  of  this  ratio  over  time  is  evidence  of  increasing  double¬ 
counting  bias  due  to  the  reduction  of  vertical  integration  within  the 
MBMW  branch.  By  contrast.  Bill  Lee's  definition  of  double  counting  bias 
may  be  expressed  symbolically  as  follows: 


-  J-n 

P.x,,  also  represents  "sales  within  the  MBMW  sector"  and  P,x,,  also  represents 

"material  sales  to  external  non-MBMW  sectors"  Therefore,  Equation  (15)  may  be 
interpreted  as  the  MBMW  composite  row  in  a  Soviet  I/O  table.  For  future  reference, 
the  ratio  of  net  value  output  to  gross  value  output  (NVO/GVO)  is  defined  in 
Equation  (16),  where  MBMW  NVO  =  P.X.-P.x..  =  MBMW  GVO  -  P.x. 

i  l  i  u  in' 
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Because  Bill  Lee's  ratio  did  not  cecline  between  1959  ana  1966,  ne  aoes  nave 
evidence  for  claiming  tnat  there  is  no  double-counting  bias  for  tne  MBMW 
branch.  However,  since  Rush  Greenslade  presents  evidence  of  reauced  vertical 
integration  within  the  branch  between  1959  ana  1966  in  his  Table  15,  tnen 
by  implication,  Bill  Lee  nas  evidence  of  a  relative  decrease  in  vertical  integra¬ 
tion  outsi de  the  MBMW  branch  for  the  same  period.  In  fact,  the  only  way  tnat 
Rush  Greenslade's  ratio  in  Equation  (16)  can  be  decreasing  while  Bill  Lee's 
ratio  in  Equation  (17)  is  increasing  between  1959  and  1966  is  for  the  ratio  of 
the  MBMW  GVO  inter-brancn  deliveries  to  MBMW  GVO  to  be  declining  rapidly.' 
Therefore,  the  difference  between  Bill  Lee's  and  Rush  Greenslade's  alternative 
definitions  of  double-counting  bias  can  be  expressed  in  terms  of  the  type  of 
reduction  in  vertical  integration  of  the  MBMW  production  process  over  time. 


Cn  the  one  hand.  Rush  Greenslade's  definition  of  double  counting 
bias  corresponds  to  a  reduction  in  vertical  integration  within  the 
MBMW  branch  over  time  and,  on  the  other  hand.  Bill  Lee's  definition 
of  double  counting  bias  corresponds  to  a  reduction  in  vertical  inte¬ 
gration  within,  as  well  as  outside,  the  MBMW  branch  over  time.  These 
two  types  of  vertical  integration  of  the  MBMW  production  process  over 
time  (i.e.  ,  within  and  outside  the  branch)  may  reinforce  each  other  --  in 
which  case.  Rush  Greenslade  and  Bill  Lee  will  reach  the  same  conclusion 
about  the  double  counting  bias.  However,  these  two  types  of  vertical 
integration  may  also  offset  each  other  --  in  which  case.  Rush  Greenslade 
and  Bill  Lee  will  reach  opposite  conclusions  about  the  double  counting  bias. 


As  may  be  observed,  the  degree  of  vertical  integration  wi thin  the  MBMW  branch 
can  be  .measured  by  Rush  Greenslade’s  ratio  in  Equation  (16).  When  vertical 

integration  is  reduced,  then  this  ratio  declines  and  double  counting 
bias  is  detected  on  the  basis  of  Rush  Greenslade's  criteria.  By  con¬ 
trast,  Bill  Lee  requires  that  the  degree  of  vertical  integration 


pixi/iV  rati0* 


J- 

outside  the  MBMW  branch,  as  reflected  in  the  {l 

j*i 

be  subtracted  from  Equation  (16)  in  order  to  yield  nis  criteria  for 

double  counting  bias  in  expression  (17).  When  vertical  integration 
outside  the  MBMW  branch  decreases  over  time,  then  the  ratio'of  MBMW 
GVO  inter-branch  deliveries  to  MBMW  GVO  will  decrease.  Consequently, 

the  ratio  in  Equation  (16)  can  be  decreasing  and  the  ratio  in  Equation 
(17)  can  be  increasing  between  1959  and  1966  onf  if 


j=N 

(£  P^x-./P-X.)  is  rapidly  dec! ining--which , 

j*i  11 


in  fact,  is  what  happened. 
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The  latter  case,  which  is  what  occurred  between  1959  and  1966,  has  resulted 

in  the  difference  of  opinion  between  Rusn  Greenslade  and  Bill  _ee  concerning 

the  importance  of  the  douole-countinq  bias.  Although  Sill  Lee's  definition 

of  the  double-counting  bias  is  more  complete  in  an  input-output  (I/O)  context 

because  MBMW  FD,  not  MBMW  GVO,  is  the  important  magnitude  witnin  wnicn  to 

estimate  NS  duraoles  as  a  residual,  the  initial  Soviet  data  identified  in  the 

estimation  procedure  which  is  outlined  at  the  beginning  of  Section  2.6.3  is 

'■'BMW  GVC,  not  MBMW  FD.  In  addition,  Bill  Lee  has  argued  t.nat  NS  durables 

cannot  be  derived  from  I/O  tables  becasue  of  inherent  ambiguities  in  the  I/O 

data.  Consequently,  Rush  Greenslade's  definition  of  double-counting  bias  may 

be  less  complete  in  an  I/O  context,  but  more  relevant  in  terms  of  Soviet  data 

for  MBMW  GVO.  Therefore,  the  initial  step  of  the  residual  estimation  technique 

for  NS  durables  requires  that  annual  MBMW  GVO  of  good  quality  be  provided. 

In  this  context.  Rush  Greenslade's  methodology  for  adjusting  the  originally 

reported  values  for  an  increasing  trend  in  "reduced  vertical  integration  within 

tne  MBMW  oranch"  (which  Greenslade  defines  as  double-counting  bias)  is  certainly 

plausible.  As  a  result,  the  use  of  an  adjusted  value  of  MBMW  GVO  as  the  initial 

Soviet  data  in  the  foregoing  estimation  procedure  will  provide  an  alternative 

series  of  residual  estimates  for  Soviet  NSE  to  compare  with  Bill  Lee's  original 

estimates.  If  there  is  no  significant  difference  between  these  two  series, 

then  Rush  Greenslade's  argument  with  respect  to  double-counting  bias  would  have 

"negligible  empirical  content".  It  is  in  this  context  that  Bill  Lee  appears 

to  have  justification  for  dismissing  Greenslade's  double-counting  argument  and 

continuing  to  use  the  originally  reported  value  of  MBMW  GVO  from  Soviet 

sources.  In  any  event,  it  is  planned  to  include  an  empirical  test  of  these 

97 

opposing  arguments  in  the  future  researcn  program. 
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This  empirical  test  for  double-counting  bias  has  been  described  by  Bill  Lee 
and  will  utilize  his  definition  in  Equation  (17).  The  1966  and  1972  I/O 
tables  used  by  Rush  Greenslade  to  obtain  the  ratios  in  Equation  (16),  which 
appear  in  his  Table  15,  should  not  be  used  because  those  I/O  tables  are  in 
purchasers '  prices--the  source  of  which  is  identified  in  Footnote  92.  By 
contrast,  the  original  value  of  MBMW  GVO  reported  by  Soviet  sources  is  in 
producers'  prices  (which  explains  Bill  Lee's  original  use  of  reconstructed 
1959  and  1966  I/O  tables).  Moreover,  the  reconstructed  1972  I  0  tade  in 
producers'  orices  has  not  yet  been  processed.  The  hypothesis  to  be  tested  is 
that  the  vertical  integration  outsice  the  MBMW  brancn  nas  continued  to  decrease 
from  1966  to  1972  in  sufficient  magnitude  to  offset  tne  observed  decline  in 
vertical  integration  wi thin  the  MBMW  branch  from  1966  to  1972  as  reflected 
Rush  Greenslade's  Table  15.  ~nis  hypotnesis  will  be  verified  empirically  if 
the  ratio  of  MBMW  FD  to  '-’BMW  GVO  Joes  not  decline  between  1966  ana  1972  ,  which 
also  corresponds  to  Sill  Lee’s  aeinition  of  a  situation  wherein  no  douole- 
counting  bias  is  present.  A  preliminary  empirical  test  using  tne  1966  and  19*2 
I/O  tables  in  purchasers ’  orices  supDorts  this  hypothesis,  but  it  must  new  ce 
repeated  using  the  reconstructed  1972  I/O  table  in  oroducers'  prices  currently 
being  orocessed. 
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2. 6. 4. 2  Overpricing  of  Mew  Products.  The  criticism  of  overpricing 
of  new  products  as  a  source  of  bias  has  generally  been  focused  upon  the  use 
of  reported  establishment  profits  in  the  MBMW  sector  to  establisn  consistency 
between  the  official  MBMW  GVO  series  and  derived  MBMW  production  costs.  This 
relationship  may  be  summarized  symbolically  as  follows: 

MBMW  GVO  =  TC  +  t  (18) 

where  TC  is  total  production  costs,  and 
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it  is  the  reported  MBMW  profits. 


Bill  Lee  computes  TC  on  the  basis  of  labor  input,  as  well  as  capital  stock  data, 
and  amortization  data  as  follows: 

From  labor  input  data  the  methodology  steps,  for  any  given 

year,  are  as  follows: 

1.  Labor  force  times  average  wage  =  the  wage  bill. 

2.  The  wage  bill  divided  by  the  percentage  share  of 
wages  in  aggregate  production  costs  =  TC  (the 
aggregate  production  cost--(sebestoimost" ) . 

3.  Production  costs  and  profits  =  MBMW  GVO  in  current 
prices. 

Similarly,  MBMW  GVO  can  be  constructed  from  capital  stock  and 

amortization  data: 

1.  Capital  stock  times  amortization  rates  =  amortization  charges. 

2.  Amortization  charges  divided  by  the  percentage  share  of 
such  payments  in  aggregate  production  costs" =  TC  (the 
aggregate  production  cost--"sebestoimost") . 
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3.  Production  costs  and  profits  =  MBMW  GVO  in  current  prices. 


Although  Bill  Lee  attains  close  agreement  among  his  various  calculations  of 
TC  plus  it  with  the  official  MBMW  GVO  values  in  Equation  (18),  he  does  acknow¬ 
ledge  the  controversy  involved  in  using  the  MBMW  profits  (ir)  reported  in 
Soviet  sources  in  the  following  terms: 


Op.  Cit.,  Bill  Lee's  book  on  an  unconventional  approach.  Table 
223  which  provides  the  MBMW  profits  for  1958  and  1974  from  the 
Soviet  N.Kh.  handbook. 

Ibid.,  page  217.  His  calculations  in  Tables  B.6,  3.7,  and  B.9 
225-228  are  evaluated  in  Tables  3.11  and  B.12  on  pages  232-234 
added  for  highlighting  purposes). 


B.5,  page 
official 


on  pages 
(underl ining 
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Those  who  allege  that  MBMW  GVO  is  systematically  biased  upwards 
by  new  product  pricing  usually  cite  Soviet  sources  in  support 
of  their  allegations.  Certainly  the  Soviet  literature  contains 
a  number  of  examples  of  individual  temporary  prices  which  had 
excessive  profit  margins  >-elative  to  the  margins  for  products 
already  in  production.  But  Soviet  sources  also  contain  many 
statements  that,  on  tne  average,  profit  margins  on  new  products 
are  lower  than  those  on  proven  products,  indeed,  the  disincentive 
to  introduce  new  products  because  of  lower  orofit  margins  or 
even  losses  was  the  official  rationale  tor  introducing  the 
special  fund  for  "mastering  new  products"  in  1961.... Even  more 
important,  the  TSU  claims  it  has  purged  temporary  prices  from 
its  calculation  of  MBMW  GVO.  In  the  absence  of  other  evidence, 
this  alone  should  satisfy  the  critics,  unless,  of  course,  they 
can  snow  why  the  TSU  is  not  to  be  taken  at  face  value  at  this 
point . . . 

Some  critics  may  object  that  use  of  reported  establishment 
profit  introduces  the  (alleged)  new  product-pricing  bias~Tnto 
the  calculations")  The  sensitivity  of  the  previous'calcula- 
tions  to  the  use  of  official  profit  data  may  be  tested  oy  sub¬ 
stituting  an  imputed  capital  charge  for  profits  as  a  component 
of  value  added. 100 


In  order  to  properly  interpret  tne  foregoing  observations.  Equation  (18)  may 
be  rewritten  as  follows: 


MBMW  GVO  =  P.x.. 


J*n 

£  P.x.. 
j*i  J  J1 


U; 


Ki  +  V  3 


P.X  . 

i  l 


(19) 


where  P.x..  is  defined  in  Footnote  95, 
in 

j;n 

Pjxji  represents  the  ’ nter-branch  purchases  or 
"material  purchases  from  external  non-MBMW  sectors",  and 

(L.  +  K.  +  A.)  is  the  MBMW  value  added,  which  consists 
of  returns  to  labor,  capital,  and  amortization  charges. 


It  may  be  observed,  that  Equation  (19)  can  be  interpreted  as  the  MBMW  composite 
column  in  a  Soviet  I/O  table,  as  opposed  to  Equation  (15),  which  is  the  MBMW 
composite  row.  Therefore,  the  "new  product  pricing  bias"  residual  can  be  cal¬ 
culated  as  the  difference  between  Equations  (18)  and  v  19 )  as  -'ollows: 

Ibid.,  pages  248  and  262  ,  plus  Footnotes  9  and  11  on  pages  269-270 
(underlining  added  for  highlighting  purposes). 
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R?  =  (TC^-tt) 


r  J=n 

-  [  P.X. .+  1 

Ll  11  jCi 


P  .X  .  . 
3  J1 


*  L,  + 


N  . 
1 


#G> 


(29) 


where  RT  >  0  corresponds  to  the  amount  of  book  profit 
(it)  that  is  “excessive"  due  to  "new  product  pricing  bias". 


Any  significant  numerical  estimates  of  RT  in  Equation  (20)  can  be  used  to 
adjust  the  original  values  of  MBMW  GVO  used  in  the  first  step  of  the  estimating 
procedure  previously  outlined  at  the  beginning  of  Section  2.6.3  (i.e.,  MBMW  GVO 
minus  R?) ,  which  will  thereby  reduce  Bill  Lee's  original  estimates  of  Soviet 
NSE  in  Table  2.11.  This  type  of  sensitivity  analysis  will  be  discussed  later 
in  this  summary  report  using  additional  sources  of  information.^ 

Stanley  Cohn  has  recently  estimated  Rf  percentages  overtime  for  the 

Soviet  composite  machine-building  sector  (i.e.,  the  RT/ (MB  GVO)  ratios).  These 

may  be  used  to  estimate  the  minimum  amount  of  MBMW  profit  caused  by  new  proauct 

pricing  inflation--assuming  that  Stanley  Cohn's  estimating  methodology  is 

correct.  The  results,  which  are  summarized  in  Table  2.13,  provide  a  consistency 

check  on  the  estimated  percentage  of  new  product  pricing  bias  recently  estimated 

by  Stanley  Cohn.  The  reported  total  MBMW  profits  in  Column  2  are  assumed 

by  Bill  Lee  to  include  all  "excessive  profit  margins"  caused  by  any  new  product 

pricing  bias  that  may  exist.  Consequently,  if  Stanley  Cohn's  estimated  bias 

ratios  in  Column  4  are  reasonably  correct,  then  the  minimum  MBMW  RT  estimates 

1 102 

in  column  5  should  be  contained  within  the  values  of  it  in  Column  2.  ""  : 

differences  between  the  MBMW  profits  (Column  2)  and  the  new  product  pricing 
bias  estimates  (Column  5)  are  presented  in  Column  6.  These  values  should  be 
strictly  positive  and  of  substantial  magnitude,  provided  Bill  Lee's  argument 
with  respect  to  negligible  overpricing  of  new  products  is  correct.  However, 
since  the  values  in  Column  6  are  relatively  small  (and  even  negative  in  recent 
years),  Table  2.13  suggests  the  following  three  possible  explanations: 

^  As  reflected  in  Table  C.13  on  page  263  of  his  book,  Bill  Lee  has  already 
performed  a  preliminary  sensitivity  analysis  of  his  use  of  t  in  Equation 
(18).  However,  his  MBMW  capital  stock  in  Column  (1)  does  not  contain  working 
capital,  only  fixed  capital.  The  estimates  of  both  fixed  and  working  capital 
should  be  used  to  determine  the  return  to  MBMW  capital  stock,  K, .  Also,  Bill 
Lee  does  not  include  amortization  charges  in  his  sensitivity  analysis,  for  ne 
essentially  comoares  Lj  +  Kj  in  Column  (4)  with  L,-  +  it  in  Column  (6)  of  Taole 
C.13,  which  represents  a  very  incomplete  analysis.  Instead,  he  should  start 
with  MBMW  GVO  and  end  with  RT  in  Equation  (20). 

102  rhe  GVO  values  in  Column  3  are  uniformly  less  than  the  MBMW  GVO  values  used 
by  Bill  Lee  in  Tables  B.6,  3.7,  and  B.9,  as  cited  in  Footnote  99.  Consequently, 
by  multiplying  Column  4  of  Table  2.13  by  MB  GVO,  instead  of  MBMW  GVO,  then 
minimum  estimates  of  R?  will  result  in  Column  5. 

-  i  , 
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*  Sources  of  the  figures  presented  in  Table  2.13  are  as  follows: 

•  Column  2  is  taken  from  Table  8.5,  page  223  of  Sill  Lee's  book--with  the  exception 
of  the  entry  for  1975  which  was  extracted  from  Robert  J.  Abbott's  working  paper  for 
CIA  on  Estimating  Soviet  Spending  for  Military  Hardware  from  Machi nebui 1  ding  and 
Metalworking  Statistics,  September  1978,  Table  A-V,  Row  H,  page  35.  (All  figures 
in  Column  2  have  been  rounde  to  one  decimal  point). 


•  Column  3  is  taken  from  Stanley  H.  Cohn's  previously  cited  paper  on  the  "Estimation 
of  Military  Durables  Procurement  Expenditures  from  Machinery  Production  and  Sales 
Data,"  Table  1,  Column  5,  page  4. 

•  Column  4  is  taken  from  Table  9,  cage  25  of  the  same  reference. 

•  Column  5  is  Column  3  times  Column  4  and  provides  a  minimum  estimate  of  new  product 
pricing  bias  in  MBMW  GVO. 

•  Column  6  is  Column  2  minus  Column  5.  This  consistency  check  is  based  on  the 
following  statement  by  Sill  Lee  on  page  237  of  his  book:  "Traditionally,  the  mechanis 
for  the  alleged  overpricing  of  new  products  has  been  temporary  prices,  which  are 
alleged  to  have  excessive  profit  margins.  Such  overpricing  falls  in  the  profit  rathe 
than  in  the  production-cost  component  of  wholesale  prices". 


•  'he  MB r*W  profits  in  Column  2  may  be  almost  entirely  the 
result  of  the  overpricing  of  new  products; 

•  Stanley  Cohn's  particular  -etnodolocy  for  tne  estimation 
of  new  product  oricing  inflation  ratios  in  Column  -1  of 
Table  2.13  may  be  in  error;  or 

•  The  new  product  pricing  bias  may  not  be  located  in  i,  but 
~atner  in  the  TC  component  of  VBMW  a VO  shown  in  Equation  (18). 

With  respect  to  the  first  explanation,  Sill  Lee  provides  the  following 
evidence  which  casts  doubts  upon  its  validity: 

Note  that  the  increase  in  the  ratio  of  GVO  to  production  costs-- 
that  is,  the  share  of  profit  in  M6MW  GV0--was  virtually  nil  in 
the  period  1955-73.  Even  in  the  mid-1960s  the  ratio  has  increased 
to  only  117.6  percent,  as  compared  to  110.5  percent  in  1955.  This, 
by  itself,  does  not  establish  anything  definite  about  new  product 
pricing,  but  intuitively  it  does  not  suqgest  that  overpricing  of 
new  products  by  assigning  them  temporary  prices  have  very  high 
profit  rates  relative  to  old  products,  since  a  change  in  tne  profit 
rate  of  this  magnitude  can  be  explained  by  normal  cost  reductions 
in  the  absence  of  commensurate  price  reductions . 104 

Consequent ly ,  either  Stanley  Cohn's  R*  percentages  are  estimated  incorrectly 
or  the  new  product  bias  must  be  located  in  the  estimated  total  production 
costs  and  not  in  the  reported  MBMW  profits.  Turning  first  to  Stanley  Cohn's 
estimating  metnodology,  his  version  of  Equation  (20)  is  especially  tailored 
for  the  Soviet  composite  machine-bui .  ling  sector  as  follows: 

RT  =  MB  NVO  -  (L  +  K  +  M  )  (21) 

l  r  r  e  v  ' 

where  MB  NVO  =  the  net  value  of  MB  output,  or  MB  GVO 
less  sales  within  the  producing  sector; 

Lr  =  the  returns  to  labor  (i.e.,  wages  plus  fringe  benefits'; 

=  the  returns  to  capital  (i.e.,  a  nominal  interest  return 

to  combined  fixed  and  working  capital  stock  plus  amortization 
charges ) ;  and 

3  material  purchases  from  external  sectors  .105 
e 


^4Co.  Cit.,  Sill  Lee’s  book,  page  239. 

105 

2p.  Cit.,  Stanley  H.  Cohn,  "Estimation  of  Miltiarv  Curacies  Procurement 
Expenditures  from  Machinery  Production  and  Sales  Cata,'  page  20. 


The  crucial  methodological 
merit  Equation  (21)  involve 
required  to  estimate  VB  NV 
external  sectors'1  required 


assumptions  made  by  Stanley  Conn  in  order  to  nrple- 
tne  estimation  of  "sales  within  the  producing  sector1 
0  and  the  estimation  of  "material  purchases  from 
to  estimate  M  .  Stanley  Conn  outlines  his  methodology 


as  follows: 


"he  recent  revised  estimates  (June  1977)  for  GVO  and  final 
demand  for  MB  and  Industry,  n.e.c.  by  the  roreiqn  Demographic 
Analysis  Division  have  also  included  revised  magnitudes  for 
both  external  (to  MB  sectors)  materials  purchases  and  inter¬ 
nal  (to  "S  sectors)  sales  for  1965.  Since  no  correspond' no 
revisions  have  been  forthcoming  for  1959  and  1972,  it  is 
necessary  to  improvise  revisions  for  these  oencnmark,  .ears. 

The  critical  ratio  for  the  revisions  are  those  of  external 
.catena!  purchases  to  GVO  and  interna!  sales  to  GVO.  As  for 
the  first  ratio  in  terms  of  producers’  prices,  tor  1966  there 
is  a  slight  fall  from  .337  in  the  earlier  estimates  to  .330  in 
the  June  1977  revisions.  This  minor  change  is  also  applied  to 
the  earlier  estimated  ratios  for  1959  and  1972.  Tnese  ratios 
are  then  multiplied  by  the  revised  GVO  estimates  derived... 

( see  Table  2 . 10,  Col umn  4 ). . . .  to  obtain  ruble  value  for  external 
materials  purchases. 

For  recalculation  of  internal  sales  the  same  procedure  has  been 
used.  In  the  case  of  internal  sales  the  1966  revision  shown  no 
change  in  the  internal  sales  /'GVO  ratio.  Therefore,  the  revisions 
of  the  1959  and  1972  ratios  merely  involve  the  multiplication  of 
the  earlier  computed  ratios  by  the  revised  GVO  estimates.  106 


This  revised  methodology  follows  the  same  procedures  outlined  in  Taole  2.10. 
When  an  alternative  approach  was  suggested,  then  a  new  estimate  of  the  19'2 
t RAT  10)  was  obtained  and  the  issue  of  a  declining  or  constant  y RAT  10)  since 
1966  could  no  longer  be  resolved  by  Stanley  Conn's  new  evidence  which  was  based 
upon  the  revised  1966  1/0  taole.  In  order  to  test  the  sensitivity  of  Stanley 
Cohn's  revisions  for  the  benchmark  years  of  1959  and  1972,  the  ratios  of  tne 
net  value  of  machine-building  output  to  the  gross  value  of  the  machine-building 
output  (i.e.,  MB  NV0/M8  GVO)  in  producers'  prices  are  summarized  in  "able  2.14. 


106 


Ibid. ,  Append! x  0 
purchases  to  GVO" 
for  1966  in  Table 
.2?9--not  .330  as 


,  page  01.  The  revision  in  the  "external  material 
ratio  for  1966  to  .330  cannot  oe  confirmed  by  the  data 
3,  page  24  of  the  same  reference,  oecause  13.3.47.9  equals 
cited  (underlining  added  for  highlighting  purposes). 
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Table  2 . 14 

A  Summary  of  the  .Ratio  MB  NVO/MB  GVO  in 
Producers'  Prices  107 
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1959 

20.3 

3.4 

17.4 

( .336) 

2 . 5 

1956 

47.9 

13.2 

34.7 

724 

6 . 2 

1972 

35.3 

22.0 

63.3 

(.742) 

12.1 

The  sources  of  the  figures  presented  in  Table  2.14  are  as  follows: 

•  Column  2  is  from  Table  2.10,  Column  4; 

•  Column  3  is  from  Stanley  Cohn's  "Estimation  of  Military  Durables  Procurement 
Expenditures  from  Machinery  Production  and  Sales  Data,"  Tab.e  8,  Column  3, 
page  24; 

•  Column  4  is  Column  2  minus  Column  3; 

t  Column  5  is  Column  4  divided  by  Column  2;  and 

•  Column  6  is  from  Table  2.13,  Column  5,  and  Table  8,  Column  5,  page  24  of 

the  foregoing  paper  by  Stanley  Cohn. 

As  Stanley  Cohn  observed  in  the  foregoing  explanation  of  his  methodology, 
the  internal  sales/GVO  ratio  for  1966  did  not  change.  Only  the  1959  and  the  1972 
ratios,  which  are  reflected  in  the  figures  shown  in  parentheses  in  Column  5  (i.e., 
one  minus  the  internal  sales/GVO  ratio)  of  Table  2.14,  were  revised.  Since  any 
decrease  in  the  estimate  of  the  1959  ratio  in  Column  5  (i.e.,  .836)  will  cause  an 

increase  in  the  estimate  of  internal  sales  in  Column  3  (i.e.,  3.4),  then  the  same 

increase  may  be  subtracted  from  the  estimate  of  the  minimum  MBMW  Rf  in  Column  6. 

For  examDle,  if  the  1959  I/O  table  were  actually  revised  and  if  the  MB  NV0/M6  GVO 
ratio  for  1959  were  found  to  be  in  the  order  of  .776,  then  the  estimate  of  the  mini¬ 
mum  MBMW  RT  in  Column  5  would  be  1.25,  or  only  half  the  current  estimate.  In 
the  same  manner,  any  decrease  in  the  estimate  of  the  1972  ratio  in  Column  5  (i.e., 
.742)  will  cause  an  increase  in  the  estimate  of  internal  sales  in  Column  3  (i.e., 
22.0)  and  this  increase  may  be  subtracted  *rom  Column  6.  Therefore,  if  the  1972 
I/O  table  were  actually  revised  and  if  the  MB  , NVO/MB  GVO  ratio  for  1972  were  found 
to  be  in  the  order  of  .571,  then  the  estimate  of  the  minimum  MBMW  R?  in  Column  6 
would  be  6.1,  or  only  half  the  current  estimate.  This  declining  trend  in  tne  ratio 
cf  MB  NVO/MB  GVO  for  1959,  1966,  and  1972  (i.e.,  .776,  .724,  .671)  would  also  be 


consistent  with  tne  evidence  sucol'ea  by  Rush  Greens  ace  .■»itn  respect  to 
tne  ratio  o'  MBMW  N V 0  M6MW  3 VO  in  nis  ’able  15  on  cage  6-i .  It  ;s  the  absence 
or"  tm  s  dec’  ininq  t  rend  *n  tar'e'.  Conn  ■  s  estimates  in  Col  ..mn  5  or"  ’ab'e  2.1- 


.  e . ,  .300  , 


108 


t.nat  raises  questions  with 


■ns  estimating 


methodology .  *vu  ^ou  1  j  tne  removal  of  VW  GVO  ano  a  cnanoe  from  purcnasers'  prices 
to  producers 1  prices  (i.e.,  '-emeval  of  tne  turnover  tax  actually  reverse  tne 
decl  ininq  trend  wmcn  is  ev’dent  in  "able  15?  I-  so,  t.nen  Stanley  Conn  nas  actually 
provided  evidence  for  directly  refuting  Rusn  Greenslade's  double-counting  pias 
argument  for  MB  GVO,  which  is  tne  major  component  of  M6MW  GVO.  Even  Sill  Lee 
does  not  dispute  Rusn  Greenslade's  evidence  of  a  declining  trend;  ne  merely 
argues  tnat  Rusn  Greenslade  is  usinc  an  incomplete  definition  of  double-counting 
bias.  In  any  event,  t.nis  criticism  of  Stanley  Conn’s  estimated  R*  percentages 
cannot  De  conclusively  resolved  until  tne  '-econstructed  ’,9T2  1.0  table  in  producers ' 
pri ces  is  used  directly  ’n  t.ne  computations. 


Philip  Hanson  nas  recently  presented  a  new  argument  in  which  ne  suggests  that 
the  new  product  pricing  bias  is  actually  located  in  the  estimates  of  total  produc¬ 
tion  costs.  Since  the  total  production  costs  are  estimated  by  dividing  the 
estimated  mbmw  wage  bill  by  the  percentage  share  of  wages  in  total  costs  \i.<?-, 

W/( share)  -  1C)  and  if  this  percentage  share  is  Piased  downward ,  t.nen  the  estimated 
values  of  TC  will  be  biased  upward .  Since  the  data  on  the  percentage  share  are 
obtained  directly  from  Soviet  statistical  handbooks,  these  handbooks  may  be  the 
source  of  the  upward  bias  of  new  product  pricing  in  the  estimated  MBMW  GVO.  The 
reason  for  a  downward  bias  in  the  data  on  tne  percentage  share  is  suggested  by 
Philip  Hanson  in  the  following  extract  r>om  his  review  of  Bill  Lee's  book: 

One  element,  at  least,  in  Lee's  derivation  of  military  procurement 
fr-^m  MBMW  output  seems  to  oe  questionaDle .  ’his  is  nis  treatment 
of  the  issue  of  bias  in  the  Soviet" constant  price  MBMW  gross  output 
index,  arising  from  new  product  prices.  On  pages  9-10,  he  appears 
to  acceDt  the  widely-held  view  that  tne  Soviet  official  wholesale 
price  index  understates  increases  in  the  unit  prices  of  machinery. 

In  Chapter  9,  now ever,  he  contends  that  this  ’$  probably  not  a 
quantitatively  important  source  of  bias;  and  in  Appendix  C  ne  offers 
some  ingenious  empirical  test  of  the  Soviet  data  to  support  tnis  view. 
vT  ' 

‘  The  most  serious  criticism  of  Stanley  Conn's  estimating  methodology ,  anc  one 
wnich  affects  the  credibility  of  the  estimates  of  the  percentage  R|  for  the 
period  1960-1965  as  snown  in  Column  A  of  ’able  2.  IS,  was  introduced  in  Footnote 
"6 . 
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His  argument  is  that 

a':  increased  technological  core  1  exit;,  o*  successive 
/intages  of  "•acnines  entails  increasing  unit  costs 
not  reflected  in  t.ne  official  Soviet  price  index; 

-S':  these  higher  costs  and  prices  do  not,  nowever, 
entail  increased  rates  of  profit,  so  that  they  ao 
net ,  certeris  paribus,  lead  to  an  overstatement  of 
the  growtn  of  value  added; 

. c ) :  any  undetected  inflation  of  prices  is  confined  to 
civilian  items,  so  tnat  the  subtraction  of  inter¬ 
mediate  demand  ana  an  upward-biased  constant  price 
measure  of  final  civilian  de-rand  from  constant- 
price  ’’BMW  gross  output  snould,  if  anything,  lead 
to  an  understatement  of  output  of  military  items. 

Arguments  (a)  and  (b)  raise  fundamental  issues  relating  to  trie 
meaning  and  purposes  of  indices  of  prices  and  of  'real1  output; 
they  do  not  dispose  of  the  contention  tnat  tne-~e  is  an  upward 
Pias  in  tne  pricing  o*'  new  machines  in  ter-s  c~  fie'''  product  i  v  1 1.. 
Lang'nence'  tne  i  r~  nyootneti  ca '  '  scarcity  value"  and  Tna't  tnis  oias~ 
is  not  eliminated  oy  the  official  pr* ce' index. *  As  for  argument, 
(c),  it  is  simply  not  clear  why  any  suen  " overpri cing '  should  be 
confined  to  civilian  machinery. 

In  general,  the  derivation  of  military  procurement  from  Soviet 
engineering  output  data  is  not  straightforward  and  reliable. 

The  Soviet  Central  Statistical  Administration  is  not,  after  all, 
working  ^or  customers  in  Washington.  Certainly,  Lee  explains  and 
defends  his  method  aoly,  and  rray  well  oe  on  the  right  lines;  at 
all  events,  his  calculation  of  procurement  in  1970  comes  out  rea¬ 
sonably  close  to  the  CIA's  revi sed  view.  But  judgement  on  whether 
he  has  really  developed  a  sound  method  will  have  to  be  deferred 
until  the  data  and  method  are  re-wprk„d  by  others  and  tne  results 
compared  over  a  period  of  time  with  estimates  arrived  at  by 
different  methods.  109 


If  the  new  product  pricing  bias  is  identified  with  the  machinery  cost  portion 
of  tne  total  production  costs  based  upon  Philip  Hanson's  suggestion,  tnen  tne 
Soviet  reported  percentage  snare  of  wages  in  total  production  costs  w’ll  actually 
be  "too  low"  because  their  own  total  costs  are  "too  high".  In  other  words,  this 
application  of  tne  Soviet  reported  percentage  snare  data  (which  have  a  downward 

ipg 

Oo.  Cit.,  Dh i 1  ip  Hansen,  "Reviews:  Estimating  Soviet  Defense  Expenditure" 
in  Soviet  Studies,  paces  406-407  (underlining  added  for  nighlignting  purposes'. 
It  is  conventional  wisdom  that  approximately  one-third  of  MBMW  output  is 
pegged  at  "temoorary  prices"  used  for  new  products  during  the  period  of 
""’astering  production"  which  are  higner  than  the  "permanent  prices"  at  wnicn 
they  will  eventually  be  established.  As  observed  by  Morris  3ornstein  v  "Soviet 
Price  Statistics',  Soviet  Economic  Statistics. . .  ~>-eTl  and  J  -ardt  .editors',  19  ~  J , 
page  361,)  "the  index  for  machine-building  and  metalworking  industries  mis¬ 
states  the  direction  of  price  changes  in  this  branch". 


77 

.  .  _  • 


O’is'  *cr  estimating  tne  '0  component  o*  MBMW  3 VO  in  Equation  .1-  will 
’ntnoOuce  an  „pwu rd  eras  in  tnese  estimates  v  'C  wm on  -ay  be  attributed  to  tie 

o  new  *\jcniner\  tne  VE‘V.  :ros$  .-a’ue  or  i„tbvi 


:ene>M 


'.i 'tern  j*  nenr: 


'he  magnitude  of  this  new  product  pricing  bias,  wnicn  ’$  :  "dated  in  tne 
TC  component  of‘  v6iMW  a  VO  instead  of  n  tne  -  component,  can  be  estimated  a*ter 
modifying  tne  three-step  methodology  util  iced  by  Bill  bee  as  cescr'bea  by 
Hebert  J.  Abbott  o'OIA  s  Mi  1 i tary-Econcmic  Ana'. sis  Center: 

For  tne  years  after  1966,  however,  tms  method  must  oe  modified 
to  yield  accurate  estimates.  Since  196'.  Soviet  averace  waces 
and  wage  funds  have  included  bonus  payments  from  tne  materia' 
incentive  fund,  the  source  of  wmch  is  profit.  But  bonuses  paid 
from  profit  are  not  included  in  production  costs,  'o  estimate 
GVO  from  labor  costs  and  profit,  therefore,  one  snculc: 

1.  Multiply  tne  branch's  •■epcrted  wace  fund  bv  one  plus  tne 
estimated  rate  of  social  insurance  contributions  , tne 
enterprise  rases  social  insurance  contributions  on  -ost 
oonuses  as  well  as  on  '-egular  wages  , 

2 .  Deduct  payments  from  the  material  incentive  fund  derived 
from  pron  ts  , 

3.  Divide  the  result  by  the  reported  vfrom  tne  Soviet 
Narodnoye  khocyaystvo  SSSR  statistical  nanobook'  "snare" 
of  wages  and  social  insurance  costs  in  total  production 
outlays , 
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A.  Add  reported  profits  to  the  quotient. 


The  adjustment  in  Step  2  of  tne  modified  -ethodology  was  originally  suggested 
by  Professor  Vlad  Treml  of  Duke  University,  while  tne  new  product  pricing  bias 
suggested  by  Philip  Hanson  is  introduced  in  Step  3. 


In  order  to  estimate  directly  the  new  R*  percentages  overtime  for  tne 
Soviet  composite  machine-building  and  metalworking  sector  y i  . e .  P*  GVO 

ratios',  an  alternative  estimating  methodology  must  be  developed  to  replace 
Equation  (13'.  ”his  alternative  estimating  ’'ethodology  *or  N'BMW  GVO  -s  based 
jpon  tne  m'cil  lowing  two  vital  pieces  of  information: 


Pcoert  J.  Abbott,  Estimating  Soviet  Spending  -'or  '  ’t.ir  -a”dwa''e  from 
Machi nebui  1  di no  and  Vetal working  Star  ’  st  "  cs~,  CIA  working  pape”S.  Seotemoe >• 
1^/8 ,  Dace  29.  'he  term  "wace  fund’  is  used  bv  Soviet  sources  in  both  a 
narrow  and  a  broad  sense--tne  *ormer  excluding  bonuses  paid  from  profit  and 
tne  latter  including  such  bonuses.  In  the  *our-step  "ethocolcay  outlined  by- 
Robert  J.  Abbott,  the  term  "wage  fund"  is  used  in  its  oread  sense. 
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•  Soviet  T$l  M8MW  >V  index  f  ••  1966  t  1975,  ind 

•  A  Gosplan  planned  value  :r'  ‘-W.*  •ar  1970  in 
pillions  of  July  1,  19o~  rubles.  -*• 


The  M6.'*U  GVO  series  generated  Dy  this  al  'e^a::  .e  net.nodol cgy  must  oe 
converted  to  current  ruoles  and  suotracted  *rom  trie  estimates  of  MBMVj  3Y0 
generated  Py  the  tnree-step  "ethodology  used  Dy  Bill  ^ee ,  as  well  as  the 
four-step  metnodolocy  descrioed  Py  Robert  Abbott,  "‘he  resulting  differences 
provide  alternative  time  series  estimates  of  MBMU  R*  new  oroauct  pricing 
bias1  wnich  "'dy  tnen  be  coiroared  with  Column  5  of  'able  2.13.  ’hese  alterna¬ 
tive  estimates  of  the  new  product  pricing  bias  m  Soviet  MBMW  SVC,  both 
witnout  and  with  the  "Treml  adjustment"  in  Step  2,  are  summarized  in  ’able 
2.15.  The  estimates  of  MBMW  GVO  in  current  rubles  i.e.,  Columns  2  and  3  of 
'able  2.15  provide  a  direct  implementation  of  Equation  .13'  without  and  with 


the  1  .renl  adj ustment , "  respective,./. 


'e  estimates  or 


1967  rubles  in  Column  A  of  Table  2.15  are  converted  to  the  current  ruble 


estimates  in  Column  5,  wnich  constitutes  an  alternative  MBMW  GVO  series. 


.As  a  consequence,  the  "unadjusted"  estimates  of  the  new  product  pricing  bias, 
R* ,  in  Column  5  may  be  compared  with  Column  5  of  Table  2.13.  In  addition, 
the  estimates  of  the  "unadjusted"  new  product  pricing  bias  MBMW  R*  percentage 
rat 'os  in  Column  3  of  Table  2.15  may  be  compared  with  Stanley  Cohn's  estimates 


in  Column  A  of  Table  2.13.  As  may  be  observed,  there  is  relatively  close 
agreement  between  Stanley  Conn  estimates  ,M6MW  R?)  for  the  period  1969-1975  in 
Table  2.13  and  those  of  3 i 1 1  Lee  (MBMW  RT)in  Table  2,15.  This  suggests  that 
Stanley  Conn's  estimated  R*  percentaaes  *or  the  period  1960-1963  in  Taole  2.13 
are  vulnerable  to  tre  .methodological  criticism  ;ntrcducea  in  Footnote  '6,  but 


the  same  criticism  apparently  does  not  apply  for  tre  period  1969-1975.  -owever, 
the  "T renl  adjustment"  previously  cited  in  connection  witn  the  modi fiec,  four-steo 
methodology  for  estimating  MBMW  OVO  does  reduce  the  estimated  new  product  pricing 
bias,  R7,  in  Column  7  of  'able  2.15.  Consequently,  Robert  Abbott's  estimates  or‘ 
w6MW  R?  in  ’able  2.15  may  be  favorably  compared  with  the  M6MW  -rofits  (i.e.,  * 


1  i  1  , 

’he  Soviet  TSU  MBMW  GVO  index  is  obtained  *>cm  the  soviet  statistical  hand¬ 
book,  Narodnc  vhozyaystvo  SSSR,  and  the  2-osolan  olanned  value  of  MBMW  GVC 
for  1970  "is  ^-caine’d"  from  'J$$R  Gosolan,  Bosudaratvennyy  oyati  1  etniy  pi  an 
razvitiva  narocnoao  knozvavetva  SSSR  na  19~'.-1?~5  ioou  (Moscow ,  '.9  3  ,  races 
336-347. 
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'able  2 


Alternative  Estimates  of  the  New  Product  °ricmg 
Bias  in  ’''BMW  GVO  HI 
.Oil  lions  of  current  rubles 


l 

2 

3 

4 

5 

6 

7 

3  9 

'ear 

_ee 

’•'BMW  G 70 
Series 

Abbott 
MBMW  GVO 
Seri  es 

Gospi an 
'•'BMW  GVO 
, constant 
1967  '•uo’es 

uosp 1  an 
MBMW  GVO 
current 
ruo 1 es  1 

Lee  „ 
MBMW  A: 
Estimated 
BIAS 

"'pbot: 
’•'BMW  RT 
Estimated 
BIAS 

Aooott 

6* 

*  1  X  l 

De'-cehtace  rercentace 
RATIOS  RATIOS" 

1966 

58.  146 

58.745 

54.3 

54.3 

3.346 

4.445 

.066  .076 

196’ 

66 . 345 

66.  132 

61.1 

61.1 

"  **  1  C 

J  .  -4  ^ 

^  fiQ? 

J  .  Juc 

.086  .0” 

1963 

’5.940 

74.459 

53 . 7 

68.7 

7.240 

5.759 

.095  .077 

1969 

33.563 

81.150 

76 . 3 

74. S 

3 . 768 

6.350 

.117  .078 

19 ’0 

94.625 

39.809 

84.3 

33.  1 

11.525 

6. ’09 

.  122  ,079 

1971 

100.512 

95. 369 

94. 1 

34.7 

15.312 

10 .669 

.157  .112 

19 ’2 

109.598 

104 .241 

105.2 

94.7 

14.398 

3.541 

.136  .092 

1973 

115.005 

108.332 

117.9 

100.2 

14.305 

3.632 

.129  .079 

19 ’4 

126 ,9’6 

119.730 

131.4 

107.7 

19.276 

12 .030 

.152  .100 

1975 

1139.541) 

130.982 

146 . 7 

120.3 

19.241 

10.682 

.138  .031 

‘  “  The  sources  of  the  figures  presented  in  Table  2.15  are  as  follows: 

•  Column  2  is  taken  from  Bill  Lee's  book  on  an  unconventional  approach.  Table  5.6, 
page  225.  However,  the  1975  entry  in  parentneses  was  calculated  by  means  of 
Bill  Lee's  three-steo  methodology. 

•  Column  3  is  taken  from  Table  A -V,  Row  I,  page  35  of  Robert  Abbott's  working  paper 
previously  citea  in  Footnote  110. 

•  Column  A  is  taken  from  Bill  Lee's  book.  Table  A. 6,  Column  4,  page  75,  but  is 
also  available  from  Robert  Abbott's  paper  in  'able  1,  Row  D,  page  3. 

•  Column  5  is  obtained  by  multiplying  Cc’umn  4  by  the  Official  Soviet  MBMW 
Wholesale  Price  Index  (July  1,  196 7 )  from  Bill  Lee's  book  .Table  3.10,  page 
230)  for  the  per-od  1966-1975. 

•  Column  6  equals  Column  2  minus  Column  5. 

•  Column  7  equals  Column  3  minus  Column  5. 

•  Column  8  equals  Column  6  divided  by  Column  2. 

t  Column  9  equals  Column  7  divided  by  Column  3. 
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values)  in  Table  2.13  r'or  the  period  1966-1975.  1  Robert  Aboott's  "adjusted 
new  product  pricing  bias  percentage  ratios,  Rt,  rpr  the  period  1966-1975  in 
Colurn  9  of  Table  2.15  may  t.nen  oe  used  to  adjust  t.ne  values  of  MSMW  SVC  in 
current  rubles  a fter  the  "Treml  adjustment"  is  performed  on  Column  3  of  Taole 
2.15.  It  is  therefore  clear  that  overpricing  of  new  products  is  an  important 
source  of  bias  in  the  aoolication  of  Equation  (13)  for  estimating  MBMW  GVO  in 
current  ruDles.  However,  the  source  of  this  bias  need  not  be  concentrated  in 
tne  use  of  reported  profits,  m,  as  may  be  generally  believed.  Instead,  the 
source  of  this  bias  can  be  concentrated  in  the  estimates  of  total  production 
costs,  TC,  as  illustrated  in  Table  2.15. 


2.6.4. 3  Comparability  of  Data.  The  criticism  with  regard  to  the 
compatibility  or  MBMW  GVO  data  from  the  I/O  tables  with  USSR  TSU  and  Gosplan 
MBMW  GVO  data  has  been  previously  cited  in  this  summary  report  (as  referenced 
in  Footnote  63).  Although  this  incompatibility  appears  to  have  been  resolved  by 
virtue  of  the  new  information  provided  by  Stanley  Cohn  (as  referenced  in  Footnote 
70),  there  is  still  a  conceptual  dispute  between  Bill  Lee  and  Stanley  Cohn 
with  respect  to  the  establishment  basis  versus  the  commodity  basis  for  estimating 
national  security  durables  (as  referenced  in  Footnotes  71  and  72).  Even  though 
the  ratio  of  commodity  to  establishment  production  for  the  MBMW  sector  in  the  1972 
I/O  table  in  producers'  prices  is  significantly  greater  than  the  value  (i.e.,  .86) 
assumed  by  Bill  Lee  (as  referenced  in  Footnote  73),  some  questions  still  remain. 
For  example,  as  explained  by  Robert  Abbott  of  the  CIA, 

Part  of  the  difference  between  the  "official"  statistics  and  tne 
estimates  in  the  reconstructed  input-output  tables  also  may  be  a 
matter  of  different  measures  of  output.  The  "official"  figures, 
like  MBMW  GVO  data  reported  before  1972,  are  probably  "establish¬ 
ment"  statistics,  which  report  the  total  output  of  all  MBMW  esta¬ 
blishments,  including  non-MBMW  output.  The  reconstructed  input- 
output  table  data  are  "commodity"  statistics  which  report  total 
MBMW  output,  including  that  of  non-MBMW  establishments.  But  the 
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The  "consistency  check"  corresponding  to  the  Robert  Abbott's  estimates  of 
the  new  product  pricing  bias  for  the  period  1966-1975  are  4.25,  4.52, 

5.14,  5.65,  7.19,  2.13,  5.26,  4.47,  2.67,  and  5.01,  which  are  all  positive 
as  required.  Consequently,  Stanley  Cohn's  estimating  methodology  in 
Equation  (21)  should  be  modified  to  include  the  "Treml  adjustment"  which 
would  cause  tne  values  of  MBMW  Rf  values  in  Column  5  of  ~aDle  2.13  supsecuent 
to  1965  to  be  in  closer  aareement  with  the  values  of  MBMW  R*  in  Column  7  of 
; ab l e  2.15. 


information  whicn  pubiisned  Soviet  sources  provide  on  the 
size  of  difference  between  "commodity"  and  "estaol isnment" 

MBMW  GVO  Goes  net  satisfactori ly  explain  the  aifferences 
between  tne  reconstructed  inout-outDut  table  estimates  and 
the  "official"  Soviet  figures.  In  1959,  tne  reported  ratio 
of  "commodity"  to  "establ i snment "  MBMW  GVO  was  0.92.  Publisnea 
Soviet  data  suggest  that  it  ranged  from  0.92  to  0.94  during 
1966-75.  (In  a  "private  communication"  to  W.T.  Lee,  a  former 
Soviet  economist  reportea  that  the  ratio  was  0.88  in  1966,  but 
this  is  contradicted  oy  the  data  juTt  mentioned.)  But  for  ooth 
1966"  and  1972  the  "commodity"  to  "estaoli snment "  ratio  implicit 
in  a  comparison  of  the  reconstructed  input-output  table  estimates 
of  MBMW  GVO  and  the  "official"  MBMW  GVO  statistics  is  muen  higher-- 
1.125  for  1966  and  1.031  or  1.146  in  1972  depending  on  whether  or 
not  the  Soviet  producers'  price  index  is  used  to  convert  the  esti¬ 
mate  from  the  reconstructed  input-output  table  to  1967  prices. 

Neither  the  Soviet  producers'  price  index  nor  the  published  infor¬ 
mation  on  the  difference  between  "commodity"  and  "establishment" 
output,  therefore,  sufficiently  explains  the  differences  between 
Western  estimates  of  MBMW  GVO  in  the  reconstructed  input-output 
tables  for  1966  and  1972  and  tne  "official"  Soviet  statistics  for 
these  years.  The  Western  estimates  may  not  be  final.  The  estimate 
for  1966  is  a  recent  revision  of  earlier  published  estimates  and 
the~estinate  for  1972  is,  as  yet,  unpublished  and  still  subject  to 
change.  ff4 

In  this  context,  the  MBMW  GVO  series  shown  in  Column  4  of  Table  2.15  was 
originally  identified  on  a  commodity  basis  by  Bill  Lee,  but  was  later  identi¬ 
fied  on  an  establ  ishment  basi s  by  Robert  Abbott ,  who  offered  the  f o  1  lowing  explanation 

In  his  recent  work,  W.T.  Lee  makes  an  interesting  "circumstantial" 
case  for  the  hypothesis  that  the  MBMW  GVO  data  reported  by  Gosplan 
and  the  post-1972  handbook  MBMW  data  are  "commodity"  statistics. 

Lee's  argument  is  based  on  the  virtual  equivalence  of  the  the  MBMW 
GVO  for  1966  calculated  from  the  reports  of  Gosplan  and  the  economic 
handbooks  (54.3  billion  rubles),  and  the  estimate  of  MBMW  GVO  in  an 
early  reconstruction  of  the  1966  Soviet  input-output  table  (54.9 
billion  rubles).  Now  that  the  estimate  of  MBMW  GVO  in  the  recon¬ 
structed  input-output  table  for  1966  has  been  revised  to  61.1 
billion  rubles  Lee's  case  is  weakened  considerably.  In  the  absence 
of  evidence  to  the  contrary  and  in  the  light  of  past  Soviet  practice, 
the  MBMW  GVO  statistics  reported  since  1972  can  be  assumed  to  be 
"establishment"  data.  115 


Op.  Cit.,  Robert  J.  Abbott,  Estimating  Soviet  Spending  for  Military 
Hardware  from  Machi nebui 1  ding  and  Metalworking  Statistics,  pages  4-6 
(underlining  added  for  highlighting  purposes). 
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In  view  of  the  revisions  of  the  I/O  tables,  it  would  therefore  appear  that 
Bill  Lee's  old  c o mrro d i t y  basis  estimates  may  be  rei nterpreted  as  new 
establishment  basis  estimates.  Consequently,  there  still  appears  to  be  some 
uncertainty  witn  regard  to  tne  compatibility  of  MBMW  GVO  data  from  the  I/O 
tables  with  the  official  Soviet  TSU  and  Gosplan  MBMW  GVO  data.  Moreover, 


since  additional  revisions  of  the  1966  and  tne  1972  I/O  tables  may  cause  the 
estimated  commodi ty-to-establ i shment-basi s  ratio  to  change  again,  then  for  the 
time  being.  Bill  Lee's  commodity  basis  estimates  of  Soviet  NSE  do  provide  a 
consistency  check  on  his  establishment  basis  estimates.  A  comparison  of  D^, 
DT„ ,  D.- .  ,  and  D£.  in  Tables  2.11  and  2.12  reveals  that  Bill  Lee's  commodity 
basis  estimates  for  MSB  (Dr,.)  offer  what  might  be  called  a  "middle  ground" 
between  Bill  Lee's  establishment  basis  estimates  {Ot  )  and  Stanley  Cohn's 
commodity  basis  estimates  (D^).  This  "middle  ground"  characteri sti c  is 
reflected  primarily  in  a  comparison  of  the  estimates  of  NS  durables  in  the 


roregoing  tables  (i.e.,  y 


r4t  ’  v4 


4t  ’  f5t 


,  and  y i. 


Bill  Lee's  commodity  basis 


estimates  for  procurement  (y^)  have  been  higher  than  Stanley  Cohn's  commodity 
basis  estimates  (y|t)  since  1970,  but  lower  than  his  own  establishment  basis 
estimates  (y|c).  The  future  resolution  of  methodological  differences  between 
Bill  Lee  and  Stanley  Cohn  concerning  the  Production  Residual  Estimation 


Technique,  which  has  been  extensively  reviewed  in  this  summary  report,  should 

result  in  the  convergence  of  these  procurement  estimates  (v|t  and 

Inasmuch  as  both  of  these  estimates  are  on  a  commodity  basis,  then  any  difference 


which  still  rr  ains  between  and  y|  would  reflect: 


^  ■»  r 

*°  As  a  matter  of  information,  the  Residual  Estimation  Technique  was  also  used 
much  earlier  by  Michael  Boretsky  in  "The  Technological  Base  of  Soviet  Military 
Power,"  Economic  Performance  and  the  Military  Burden  In  the  Soviet  Union,  Joint 
Economi c  Committee  report,  19?0,  pages  l£9-2.fl.  However,  a  number  of  contro- 
versial  assumptions  that  were  used  in  this  paper  became  the  focus  of  a  debate 
between  Michael  Boretsky  and  Alec  Nove  in  "The  Growth  of  Soviet  Arms  Technology: 
A  Debate,"  in  Survi yal ,  Volume  XIV,  Number  4,  (July/August,  1972),  pages  169- 
177.  The  "high"  dollar/ruble  ratio  advocated  by  Michael  Boretsky  was  questioned 
by  Alec  Nove.  This  debate  was  similar  to  that  encountered  by  CIA  personnel  a 
number  of  years  later  in  connection  with  the  "too  low  ruble/dollar  ratio"  within 
their  own  direct  costing  estimation  technique--which  wi  11  be  discussed  later. 


Another  source  of  error  associated  with  the  Residual  Estimation  Technique  has 
recently  been  identified  by  Paul  Cockle  in  "Analysing  Soviet  Defense  Spending: 
the  Debate  in  Perspective,"  Survi val  ,  Volume  XX,  Number  5,  Seot ember/ October , 
1978,  page  213.  According  to  him,  "Soviet  export  figures  contain  their  own 
residuals  wnich  some  analysts  believe  cover  wholly  or  partially  the  exDort  of 
weapons.  Machine-building  export  data  is  therefore  likely  to  exclude  tne  value 
of  arms  transfers  and  so  the  final  output  residual  is  probably  inflated  by 
weaponry  destined  to  go  abroad.  In  the  past,  weapon  exports  as  a  proportion  of 
production  could  have  been  dismissed  as  insignificant,  but  not  now". 
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•  The  magnitude  of  the  methodology  error  resulting  from  the  use 
of  an  establishment  basis  definition  of  MB  GVO,  as  criticized 
by  Stanley  Conn,  or 

•  An  information  error  resulting  from  the  use  of  tne  0.38  commo¬ 
dity  -to-es  tab  1  i  s nmen t-bas 1 s  rat i o. 

Furthermore,  any  remaining  difference  between  y,  and  v*  would  reflect  tne 
magnitude  of  the  information  error  associated  with  Stanley  Cohn's  hypothesis 
that  State  Reserves  are  included  in  the  working  capital  accounts  published  in 
Narodnoe  Khoziaistvo,  as  criticized  oy  Bill  Lee  (reference  Footnote  30). 

In  addition,  the  methodologies  developed  in  this  summary  report  for  breaking 
the  "defense  budget  straight  jacket"  in  estimating  the  Soviet  Operating  Budget 
(as  reflected  in  Table  2.7)  and  for  estimating  Soviet  military  R&D  expenditures 
(as  reflected  in  Equation  13)  provide  the  basis  for  the  future  convergence  of 
tne  estimates  of  Soviet  NSE  (D*  and  0c„)--which  would  reflect  the  elimination 
of  those  methodology  and  information  errors  that  have  currently  been  identified 
and  which  will  be  the  focus  of  future  empirical  researcn  pertaining  to  the 
numerical  estimates  presented  in  this  report.^ 


2.7  THE  NATIONAL  EXPENDITURE  METHOD 


The  sixth  baseline  methodology  for  estimating  Soviet  NSE  is  the  National 
Expenditure  Method  developed  by  the  French.  In  this  methodology,  Soviet  military 
R&D  expenditures  are  estimated  on  the  basis  of  the  previously  discussed  rule-of- 
thumb  that  they  constitute  two-thirds  of  the  Science  line  item  in  tne  budget. 
However,  French  estimates  of  the  procurement  portion  of  Soviet  defense  spending 
are  based  upon  an  economic  methodology  utilizing  national  accounting  data  which 
is  generally  described  as  follows: 

^  As  an  example  of  possible  future  empirical  research  involving  the  statistical 
relationships  between  two  of  the  baseline  estimating  methodologies  described 
in  this  report,  Paul  Cockle  estimated  in  Footnote  28,  page  214  of  the  article 
cited  in  Footnote  116  that: 

V  =  -2.42  +  1.0002X  +  0.754T 

where  Y  =  v*  +  3?t(Science)  is  Sill  i.ee '  s  hardware 
bt  bt  t 

and  military  R&D  estimate 

X  =  y +  0.75(Science)t  is  the  FNE  and  BE  residual 

pi  us  75  ■  of  the  All  Union  Science  Budget;  and 

T  is  time  where  1955  =  1  and  1972  =  IS. 

The  R“  is  0  .946  and  the  t  val  ues  for  the  X  and  T  vari ab  1  es  are  3 .3 14  and  9.221, 
respecti ve 1 y . 
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■"•e  fundamental  objective  of  this  proposed  method  is  to  identify 
-  ^  ^  ^  -*  '<■  .  —  d  -  '-i j  i  °  '  1 "  c  ”  "  3  *  r  c  *  n  ^  rati  cr.3  , 

e' renci  '"••e  ‘.et  Nat*  :r  al  E >re"d* *ure  details  the  uses  '"ade-- 

consumotion ,  :r.e$tmer:--o*  :ne  ’.e:  National  ( i.n  Russian: 

.a  ts  •’  .  **  a  1  1  ■*■■  ■  ooh.-o  s  .  're  latter  ;s  erroneously  equated  v,  itn  tre 
*.a tiona i  Income  but  it  :•  •--•••>  from  the  National  Income  on  two 

">  ■»  r  r  • 

r  J  • 

la)  It  reflects  only  equipment  production. 

(b)  It  expresses  tne  value  of  that  production  at 
market  price  and  not  at  factor  cost. 

It  is,  therefore,  really  a  'Jet  Equipment  Product  (PMN)  at  market 
Dries.  On  the  other  hao^,  tne  PMN  may  be  compared  to  tne  PIB 
(Gross  Domestic  Product)  of  France’s  national  accounting.  Invest¬ 
ment  spending  can  be  broken  down  into  armament  expenditures  and 
scientific  research  expenditures. 


it  is  officially  agreed^®  that  armament  exoendi  tures--considered 


Furt.nermore,  the  French  methodology  for  estimating  the  Soviet  Operating  Budget 
is  briefly  outlined  as  follows: 

Ordinary  expenditures  may  be  reconstructed  around  two  entries: 
personnel  costs  (X^)  and  current  operating  costs  (Yt).  Inasmuch 
as  military  personnel  strength  figures  are  relatively  perceptible 
and  military  pay  scales  are  known  with  satisfactory  accuracy,  there 
is  a  certain  reliability  to  the  personnel  costs  estimate  secured 
through  the  building-block  approach  and,  therefore,  this  estimate 
may  be  retained:  8-9  billion  rubles  for  the  period  1971-1975. 

From  these  figures,  it  is  possible  to  estimate  operating  costs 
granting  that  in  Soviet  administratTons  such  costs  account  foF, 
on  an  average,  92  percent  of  the  personnel  costs'!  120 

General ization  of  the  French  methodology  in  terms  of  generic  Equation  (1) 
is  based  upon  the  following  assumptions,  all  of  which  may  then  be  substituted 
in  ( 1) : 

J  13 

In  this  context,  see  the  "Basic  Principles  for  Drawing  Up  a  Strategic  Balance 
Sheet  of  the  National  Economy"  published  by  the  United  Nations  Economic  and 
Social  Council,  New  York,  1972. 

1 19 

Defense  Nationale,  "How  Many  Rubles  for  Defense?",  Paris,  France,  November 
1976,  page  34. 

1  °0 

*■  Ibid.,  page  35  (underlining  added  for  highlighting  purposes). 


...i  _  ' - -~A-  1 - — 
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a,  <  1  for  t  =  1971,  ....  1375  (i  .e .,  the  Soviet  Operating  Budget ]  , 

0  t 

3r.  =  2/3  ‘or  t  -  1971  .  197=  (i  .e.  ,  mi  1  itary  R&D) ,  77' 

the  accumulation  residual  from,  the  Soviet  national  income 
accounts  associated  with  net  capital  formation  (i  .e.  ,  defense 
procurement),  and 
0  121 

If,  as  described  by  the  French,  the  Soviet  Operating  Budoet  can  be  disaggregated 
into  the  following  two  major  categories 

•  X*,  which  represents  personnel  expenditures  (i.e.,  SIPRI 
categori es  1  and  2 ),  and 

•  Y  ,  which  represents  non-personnel  operating  expenditures 
(i.e.,  SIPRI  category  3), 

Then ,  based  upon  the  general  formulation  of  Equation  17),  tne  Soviet  Operating  Budget 
from  1971  to  1975  may  be  expressed  in  the  following  terms: 

(Xt  +  Yt)  *  a  +  (b  +  1)  Xt  for  t  =  1971,...,  1975  (23) 

with  a  =  0  and  b  =  .42  determined  by  an  unknown  procedure. 

In  this  context,  a  significant  difference  in  the  various  estimating  methodologies 
may  be  reduced  to  a  simple  statistical  test  performed  upon  the  estimated  parameters 
a  and  b.  For  example.  Bill  Lee's  estimates  in  Equation  (11)  (i.e.,  a  =  0  and  5  = 
1.48)  and  the  French  estimates  in  Equation  (23)  (i.e.,  a  =  0  and  b  =  .42)  may  be 
compared  with  the  least  squares  estimates  in  Equation  (8)  (i.e.,  a  and  b)  using 
Bill  Lee's  observations  on  Xt  and  Y^  over  the  sample  period  1960-1970.  However, 
since  each  each  estimating  methodology  has  different  values  for  both  X.  and  Yt 
over  the  prediction  period  1971-1975,  then  each  estimate  of  the  parameter  a  must 
reflect  the  sampling  variability  of  the  estimated  parameters  a  and  b,  the  values 
of  X*,  and  e..  This  may  be  illustrated  by  dividing  Equation  (9)  by  (Defense),,  as 
fol 1 ows : 

a?  =  (X?  +  Y?)/( Defense).  =  [a*  +  (b*  +  1)X*  +  s]/(Defense)  (24) 

t  Cl  C  t  t  v 

Furthermore,  inasmuch  as  the  formula  for  Var(cL)  in  Equation  (10)  reflects  the 

w 

sampling  variability  of  the  least  squares  estimates  of  parameters  a  and  b  and 
12 1  Ibid. ,  pages  47-55 
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the  --  stocnastic  tern:  associated  with  tne  linear  speci  fication  in  Equation 
i"  ,  it  is  appropriate  for  a  ci ven  data  set  of  X.  and  Y  values,  nowever, 
in  order  to  examine  null  and  alternative  hypotheses  concerning  tne  par-meter  ir 
us i nq  the  various  data  sets  of  available  values  for  X*  and  Yj,  a  ;nore  general 
formula  for  the  sampling  variance  of  a*  in  Equation  ^24)  is  required  and  may  be 
expressed  as  rollows: 


=  1  /(Defense);  [a  *  -  *  _ 

e  t  -  1  =  1; 

V 


'  7  -7 

-  3 


where  o'  is  the  residual  variance  associated  with  estimating  . 

£  ’  l 

2 

is  the  population  variance  associated  with  estimating  X,.,  and 

X*  is  the  sample  mean  of  the  n  =  11  estimates  (i.e.,  X*  for  t  = 
I960,...,  1970)  associated  with  a  given  estimating  methodology. 

The  Tchebychev  inequality  can  be  used  to  construct  the  following  95  percent 

confidence  intervals  for  the  *  parameters  in  the  t  =  1971  .  1975  forecast 

period : 

?  -  k( Var(at) )  *  <  ij  J’t  ^  k(Var(a*))  SJ  >  .95  (26) 


where  k  =  4.47,  if  no  additional  assumptions  are  made,  and 

k  =  2.96,  if  the  probability  distribution  is  assumed  to  be 
uni  modal  and  symmetric. 

A  summary  of  the  available  sample  and  projected  values  for  i*  associated  with 
the  French,  Bill  Lee’s  and  the  CIA  estimating  methodologies  is  presented  in  Taole 
2. 16. 


Martin  S.  Feldstein,  "The  Error  of  Forecast  in  Econometric  Models  when  the 
Forecast-Period  Exogenous  Variables  are  Stochastic,’  Econometri ca ,  Volume 
32,  Number  1,  January  1971,  pages  55-60. 

Ibid.,  Formula  with  one  exogenous  variable  and  an  intercept,  page  ?6 . 

Ibid.,  Formula  \,5 )  and  Footnote  4  on  pace  57.  As  may  be  observed,  if  the 
orobabilitv  distribution  is  furtner  assumed  to  oe  normal,  then  k  =  1.96  can 
be  used.  However,  these  alternative  values  of  k  correspond  to  a  95,  S3,  or 
74  percent  level  of  confidence,  if  the  additional  assumptions  which  are  made 
are  not  appropriate. 
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'he  French  estimates  of  tne  Soviet  'iv-Mtii.:  Budget  in  Co'  -m  5 


;  dent  •  **ied  o  .  equation  .  3  ,  jnj  the  est’-ates  of  tne  -o  .<m  o 


.w-esoon. 


tne  forecast  oe--iod  -or  19  .  to  1- 


ie$ij  -auati  in  __  that  ».  .  *  . e . ,  . 

Since  tne>'e  ire  no  French  estimates  or  tne 


Soviet  Operating  Budget  for  tne  sample  tin*;  period  1960- 19 '0 ,  a  test  of  tne 
French  null  hypothesis  requires  that  Equation  (26'  be  empirically  implemented. 

In  this  context,  it  should  be  remembered  tnat  Stanley  Conn's  alternati  ve  nypotnesis 
is  tnat  .\,=  1  u  .e. .  =1'  for  tne  same  forecast  period,  therefore,  Stanley 

C  4 1 

Conn's  data  set  for  X  and Y  in  Columns  3  and  4  of  Table  2.’  for  tne  period  1960- 

1970  can  be  used  to  estimate  tne  X, ,  ,  a,  b,  and  parameters  required  to 

implement  Equations  (25)  and  (26'.  3y  using  **  -  1  and  letting  tne  French 

estimates  of  .x.  in  Column  6  of  Table  2.16  be  the  numerical  implenientation  of 

in  Equation  (26),  tne  French  null  hypothesis  may  be  statistically  tested. 

If  tne  French  esti  "ates  of  a-,  are  contained  .vithin  tnese  confidence  intervals 

o  t 

for  the  forecast  oeriod  t  =  1971 .  19  "5  using  Stanley  Cohn's  sample  oata  to 

estimate  the  population  parameters,  then  the  null  hypothesis  is  accepted.  If, 

however,  the  French  estimates  of  L.  are  not  contained  within  these  confidence 

ot 

intervals,  the  null  hypothesis  is  rejected,  and  it  may  therefore  be  concluded 
tnat  the  difference  between  the  French  and  Stanley  Cohn's  estimating  methodo¬ 
logies  for  the  Soviet  Operating  Sudget  is  statistical ly  significant.  Accepting 
or  rejecting  the  null  hypothesis  in  tnis  context  may  be  interpreted  as  a 
statistical  test  for  evaluating  the  different  estimating  methodologies  which 
oroduced  the  French  and  Stanley  Cohn's  alternative  estimates  of  tne  Soviet 
Operating  Budget. 


As  may  also  be  recalled.  Bill  Lee's  alternative  hypothesis  is  thato»t'l 
( i  .e.  ,  a,.  ■*  l  for  the  same  forecast  period,  so  that  the  val  ues  of  ^  in  Column  7  or 
Table  2.16  may  be  substituted  for  \*  in  Equation  v26)  and  Sill  Lee's  data  set  for 

t  _  n 

X  and  Y  in  Columns  6  and  7  of  Table  2.7  will  be  used  to  estimate  the  X*,  j~,  a.  o, 

■>  126  £ 
and  o  *  parameters  required  to  implement  Equations  ^25'  and  {16).“"  Again,  by 

allowing  the  French  estimates  of  x.„  to  be  the  numerical  implementation  of 

o  t  t 

in  Equation  (26),  the  Crench  null  hypothesis  may  be  statistical ly  tested  for  tne 

pg 

-  If  Bill  Lee’s  hvoothesis  reflected  in  cootnote  43  ■$  to  be  used  for  tne  V 
observations .  then  Column  ’  minus  Column  2  olus  Column  9  in  "able  2.'  will 
define  the  new  set  of  Y  observations . 
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Table  2 . 16 

A  Summary  of  Alternative  Estimates  of  Parameter  i. 

^  o  -  1  - 

ror  the  Period  1971-1975  — 


•  Column  2  is  taken  from  Column  2  of  Table  2.7--the  data  are  in  billions  of  current 
rubles; 

•  Columns  3  and  A  are  taken  from  Table  3,  page  35  of  the  Defense  Rationale  article, 
"How  Many  Rubles  for  Defense?",  November  1976; 

•  Column  5  is  Column  3  plus  Column  A  in  billions  of  current  rubles; 

•  Column  6  is  Column  5  divided  by  Column  2; 

•  Column  7  is  Column  9  of  Table  2.7  divided  by  Column  2;  and 

•  Column  8  is  Column  10  of  Table  2.7  divided  by  Column  2. 


forecast  period.  It  the  French  aC(.  estimates  are  contained  within  these  conn- 
pence  intervals  using  Bill  Lee's  sample  data  to  estimate  the  oooulat’on  parameters, 
tnen  tne  null  hypothesis  is  accepted.  If,  however,  the  T'-encn  estimates  of  the 
ratio  a.  are  not  contained  within  these  confidence  intervals,  the  null  hypothesis 
is  rejected  and  it  is  therefore  concluded  that  tne  difference  Detween  the  Frencn 
and  Bill  Lee's  estimating  methodologies  for  the  Soviet  Operating  Budget  is  statis¬ 
tical  ly  significant. 


Clearly,  tne  same  statistical  testing  metnodology  may  ce  used  with  tne  CIA 
alternative  hypothesis,  wnich  also  involves  a-  >1  for  tne  same  forecast  period. 

/  w 

The  particular  values  of  3,^  for  the  period  1971-1975  to  be  substituted  for  u* 

/ 1  t 

in  Equation  (26)  are  presented  in  Column  3  of  Table  2.16.  Rooert  Leggett  and 
Sheldon  Rabin  have  formulated  the  following  non-stati sti cal  hypothesis  concerning 
the  Soviet  defense  budget--wnich  is  actually  Stanley  Conn's  estimate  of  the 
Soviet  Operating  Budget  from  1960  to  1975: 

The  hypothesis  that  the  Soviet  defense  budget  encompasses 
only  operatina  expend! turev  can  be  tested  by  comparing  the 
budget  with  Western  estimates  of  the  USSR's  annual  military 
operating  costs.... A  comparison  c*  tne  Soviet  ce's^se  budget  with 
various  Western  estimates  of  Soviet  coe^atino  exoe°ditures  is  shown  (i.e.. 
Table  2.7).  Tne  CIA  series  for  1950-7;  ..as  tne  most  useful  in 
this  exercise  because  it  was  derived  by  means  of  a  building  block 
aporoacn  and  hence  is  independent  of  t-e  Soviet  defense  budget.  127 
Note  that  the  CIA  estimates,  which  are  expressed  in  1970  rubles, 
were  converted  to  current  rubles  in  order  to  make  a  direct  com¬ 
parison  with  the  Soviet  data.  A  two  percent  rate  of  inflation 
was  assumed  in  this  exercise. 

William  Lee's  estimates  througn  1970  are  dependent  upon  published 
Soviet  data.  Lee  calculated  nonpersonnel  operating  expenditures 
by  subtracting  his  estimate  of  military  personnel  costs  from  the 
puolished  defense  budget.  By  definition,  then,  Lee's  estimates 
for  the  Period  before  1971  coincide  (almost)  exactly  with  the 
Soviet  defense  budget  (except  for  1961-64)  and  were  therefore 
not  used  in  the  comparison  exercise.  For  the  years  1971-1975, 
however.  Lee's  estimates  were  useful  in  that  they  were  calculated 
independently  of  the  budget;  nonpersonnel  costs  were  estimated 
as  a  percentage  of  personnel  expenditures. 


127m;r;e  building  block  approach  involves  identifying  Soviet  military  programs, 
estimating  the  magnituce  of  the  quantities  involved  in  eacn  program,  and 
tnen  applying  estimated  individual  prices  to  each  quantity. 
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ne  semi -o  c'il  Trench  estimates  were  a' sc  der i v ec  C'.  indepen¬ 
dently  calculating  personnel  cost,  .litr.  ncnoerscnnel  excerc’  ‘.,re$ 
assu-ed  as  a  percentage  - 1  1  e*  personnel  outlays.  .i*:rt^r.3te' • 
for*  c •»*’  ourposes ,  the  * rencr  series  covers  only  ve  Period 

~ne  only  western  jata  available,  f’e-e'ore,  tc  ccrcare  witn  t"e 
Soviet  u3 t3  3  Y  9  r  tr9  19c^-l?7C  39*' '  Od  3?' 9  7*^9  CIA  9$t  ,,'**at9S  .  A 
cc~oarisGrt  of  the  tw  series  snows  tnat  the  CIA  cate  ccircice 
closely  witn  the  official  Soviet  defense  budget,  thereby  lend  no 
s  j 0 r 3 r t  tc  1 1 9  rre**at'°t  t  . ^tet  ^  -  r  t *' ? s ' s  ~r'  2  ■  zz^z 

figures  not  only  fall  witnin  the  ranee  estimated  by  CIA,  put  ootn 
senes  are  increasing  over  the  entire  period. 

While  our  hypetnesis  appears  to  Pe  raasooahl.3  *~.r  yoar<;  ia*n. 
WC, "the  ~s~are  ca~nnot  Pe  said  ‘or  tne  -est  p*  ~  r  test  period. 

l”he  CIA  and  Lee  estimates  of  operating  costs  for  1971-75  are,  at 
Pest,  only  roughly  comparable  to  the  official  defense  budget. 
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A  markedly  different  picture  is  seen  in  tne  r,'ench  estimates 
which  suggest  t.nat  Soviet  military  coerating  costs  were  sub- 
sta.ntially  less  tnar,  the  announced  ce^ense  budget  durina 
1971-75 . 


The  zz~~z~.  z^o^i  fo**  a1!  t~e  ester"  es:i~ates  *or  !97l-'5 
h  cv.  9  •  9  r  %  *  $  *  r  3 1  t  r  9  i  r  v  i  n  c  •' '  9  3  * *  r  c '  t  **  9  n  c  *  -  3  t  9 0  Z  c  ^  ,v  9 

are  ~ost  ccr.*i cent- -differs  totally  *rcm  tnat  presented  by 
tie  Soviet  data.  All  tne  Western  est'~ates  shew  Soviet 
operating  costs  t:  :e  increasing  tnrougnout  this  period, 
while  tne  explicit  Soviet  defense  budget  remains  virtually 
constant  or  decreases.  Even  t"e  lowest  Western  series,  tne 
trench  estimates,  ->dicates  a  positive  gnpwtn  -ate  for  tne 
19'Qs  albeit  a  ~ucn  slower  rate  tna.n  the  CIA  or  Lee  series, 
hence  . in  contrast  -o  tne  'A"hs, rn  j- j not  aonear  to  br 


The  foregoing  Leggett,  Rabin  nypotnesis  "a;,  be  statistically  tes tec  ,/ner  tne 
CIA’s  data  set  for  X  and  V  for  tne  oer’cd  1960-1970  is  ootained  and  .vnen  tne 

-  -i  o 

a,  o,  and  parameters  required  to  -  "c ' emen t  Eouations  C5  arc  C6 
are  estimated.  In  tnis  context,  tneir  alternative  nyootnesis  ■;  mat  >1. 
Additionally,  the  CIA  estimates  of  I,-  in  Column  3  of  'able  -.16  for  tne  period 
1971-1975  can  be  used  for  u*  in  Equation  v25  to  test  tne  following  alternative 
null  fiypotneses: 


•  'he  first  alternative  null  nypotnesis  is  that  tne  Frencn  aria 
CIA  estimates  of  the  Soviet  Operating  Budget  are  statistically 
different,  which  can  oe  tested  by  allowing  tne  Frencn  estimates 
of  56 t  in  Column  6  of  Cable  2.16  to  be  tne  numerical  implementa¬ 
tion  of  at  in  Equation  (26).  Tnis  test  corresponds  to  the  null 
hypothesis  that  xt<l  *or  the  forecast  period  which  snould  be 
readily  rejected  on  the  basis  of  the  Leggett.  Rabin  non-statis- 
tical  hypothesis  previously  described. 

•  'he  second  alternative  null  hypothesis  is  that  Stanley  Conn's 
( i . e .  ,  official  defense  budget'  and  tne  CIA  estimates  of  tne 
Soviet  Operating  Budget  are  statistically  different,  wnicn  can  be 
tested  oy  setting  at=l  in  Equation  (25).  In  this  case,  as  pre¬ 
viously  observed,  Robert  Leggett  and  Sheldon  Rabin  believe  tnat 
"the  gap. . .becomes  greater  over  time...,  however,  the  differences 
by  themselves  are  probably  not  substantial  enough  to  reject  the 
(null)  hypothesis".  Inasmuch  as  Equation  (26)  provides  a  means 

of  testing  the  null  hypothesis  for  eacn  year  between  1971  to  1975, 
it  therefore  permits  the  determination  of  that  particular  year  in 
which  the  second  null  nypotnesis  can  be  rejected--which  is  a  much 
more  rigorous  basis  for  ascertaining  exactly  when  the  "increasing 
gao"  becomes  statistically  significant. 

•  The  third  alternative  null  hypothesis  is  tnat  Bill  Lee’s  and  the 
CIA  estimates  of  the  Soviet  Operating  Budget  are  statistically 
different,  which  can  be  tested  by  allowing  Bill  Lee’s  estimates  of 
-*5t  in  Column  7  of  7aole  2.16  to  be  the  numerical  implementation 
of  it  t'or  the  Period  1971-1975  in  Equation  (2611.  Altnougn  this 
null  hypothesis  is  not  emphasized  by  Leggett  and  Rabin,  estimates 
of  a5t  in  Column  7  of  Table  2.15  do  reflect  an  aroitrary  revision 
in  the  estimating  [methodology  as  previously  introduced  in  Footnote 
52.  Therefore,  it  is  imoortant  to  determine  the  95  percent  confi¬ 
dence  interval  associated  with  the  CIA  estimates  of  in  Table  2.16 
for  the  period  1971-1975  by  implementing  Equation  (26).  In  this 
context,  other  estimating  -ethodologies  which  provide  alternative 
estimates  that  are  "too  low"  (i.e.,  the  French  and  Stanley  Conn 
estimates)  or  are  "too  nigh"  (i.e.,  Bill  Lee’s  estimates)  wi'l  oe 
"significantly  different"  for  those  years  that  they  are  not 
contained  within  tne  CIA  95  oercent  confidence  interval.  *ne 
empirical  implementation  of  these  alternative  hypotheses  ana  con*'- 
dence  intervals  is  considered  a  suitable  subject  for  •uture  research. 
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‘•a  irn-ecmin  ecuifcn 


"e  seven  cn  oasei're  -etroco  :oy  ror  e<:  •  -at*"  :  ;  c . ■  e  c  ,a  -  i  5  tne 
D'-ect  Costing  Tecnnique  of  trie  CIA.  Althougn  tie  Strateci  :  Cost  Analysis 
'•'ode’  SCAM  associated  *itn  tnis  tecnnique  -s  documented  in  sucn  -efe-erices 

3S 

•  Esf  mated  Soviet  Defense  Soenqinc:  '••ercs  ano  Fos-.cts  S ? - 
’3-iOlZT),  June  1973, 

•  Estimated  Soviet  Defense  Spending  in  Ruoles.  1970-1975, 

, 5R-  D-iU.-lo  ,  May  i9/o, 

•  Metnods  for  Estimating  the  Costs  of  Soviet  Defense  Activities. 
(Si^-M  '"-10003’,  Deceroer  1975, 

•  Metncds  *'or  Estimating  Soviet  Defense  Exoendi  tores ,  SR-" 

^ — r-^  ^  - rvw* - 

o-ioi  -  L  ,  Apn  .  *  -  ,  an  c 

•  A  set  of  computer-oased  files  of  working-level,  "etnocolcg" cal 
statements, 

only  the  first  two  of  these  five  references  are  unclassi fied.  However,  tnese 
documents  provide  the  following  general  insight  into  CIA's  di  rect  costing 
methodology: 

Because  of  the  lack  0*  meaningful  c*'*’icia’  data,  we  provide 
alternative  estimates  0*  Soviet  ce*"ense  activities  in  both 
foliar  and  r  jb^e  terirs .  Sotn  estates  cecin  with  :re  detailed 


i  dent'  ca ti cp  ana  « i s t '  ng  o*  tne  zrr.  sica 
a  g  “ '  v '  * ;  -  •  '  •'  "  a  .  _  .  -  r  ^  c  - .  —  -  -  ^  -* ^ 


'  e  n  t  s  1  n  a 


ir  A  "-on 


e  a  ^ .  r  •  a  a **  i  e  t  v  a  *  —  this  z  **  s ;  c  a  1  a  a  t  a  t  a  s  e  is 

other  in  do^a-s.  For  sc~e  cc-coner ts ,  s-c-  as  -'litarv  oer 
sonrel  costs,  t-e  o-ys'cal  cata  are  ccstec  erect!.,  us'nc 


a  a  i  :  a  d  i  e  f*'j  c  •  e  slices  a  *"  z  '^sts  Zc  '>  a**  z  r  ’  c  e  s  ard  casts. 
ror  others,  conversions  are  mace  *>cn  one  .a:ue  case  to  tr.e  otn.er 
by  applying  doll ar-to-rubl e  aid.  to  a  -uch  -ore  limited  oecree, 
rub! e-to-dol  1  ar  -at' os  v.nich  reflect  the  est'~3ted  relative 
efficiency  of  the  Soviet  Anion  and  the  A.S.  in  a  carticular 
activity.  130 
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The  recent  revisions  in  CIA  estimates  of  Soviet  '<SE  concerned  only  its  rub  It 
estimates,  not  its  dollar  estimates,  .vhicn  are  exolained  as  *'ollows: 

For  its  collar  est;-ates  of  Soviet  defense  activities,  tne  CIA 
-ses  a  building-block  tec"r;  :,.e  wrmch  involves  costing  in 


dollars  its 

own  intelligence 

assessments  of  the 

ohysical  sice 

of  Soviet  A 

-~ed  -orces .  In 

ceory,  these  estima 

tes  rec-esent 

the  cost  to 

ths  United  State 

s  of  reproducing  cne 

Soviet  defense 

effort,  but 

in  practice  they 

do  not  do  so  in  two 

major  areas: 

A,  SR-  5-  10 i 


2nd  Evaluation 
of  the  finan- 

3eccnd,  ren  intelligence  on  certain  Sov’ec  weapons  or 
operating  tecaniques  is  incomplete,  a  similar  American 
system  or  practice,  adjusted  for  known  Soviet  features, 
is  costea  instead. 

Suitable  conversion  rates  are  then  prepared  to  convert  these  collar 
estimates  to  rubles.  Official  dollar-ruble  exchange  rates,  since 
they  do  not  accurately  reflect  the  purchasing  power  of  foreign 
currencies  vis-a-vis  the  ruble,  are  unsuitable  for  this.  New 
information  on  the  efficiency,  or  otherwise,  of  Soviet  industries 
has  led  the  CIA  to  revise  its  previous  conversion  rates  to  give 
more  rubles  per  dollar.  The  ruble  measurement  of  Soviet  defense 
spending  is  intended  to  reflect  a  Soviet  valuation  of  the  resources 
foregone  in  producing  the  defense  effort,  to  the  extent  that  it  is 
possible  in  a  totally  planned  economy,  and  is  therefore  suitable 
as  a  method  for  calculating  burden.  The  doubling  of  CIA  ruble 
estimates  merely  reflects  a  change  in  conversion  rates,  so  the 
dollar  estimate  has  remained  the  same.  131 


First,  Soviet  Research,  Cevelopment,  Testing 
(RDTSE)  is  determined  bv  taking  a  percentage 
cial  resources  allocated  to  'Science'; 


As  indicated  by  the  late  John  Paisley,  CIA's  methodology  for  estimating 

Soviet  NSE  is  much  more  complicated  than  the  mere  estimation  of  the  parameters 

132 

in  generic  Equation  (1).  However,  in  order  to  facilitate  comparisons  with 
other  less  complicated  baseline  methodologies,  the  basic  assumptions  for  sub¬ 
stitutions  in  Equation  (1)  are  as  follows: 

o?t  -  1  for  t  =  1960 , . . . ,  1970  and  a7t  >  1  for  t=1971,...,  1975  , 

3yt  -  2/3  over  the  t=1960,...,  1975  period,  (27) 

y7  =  the  direct  costing  of  Soviet  military  programs,  and 


^  International  Institute  for  Strategic  Studies,  The  Mi  1 i tary  Balance , 
1976-1977,  London,  England,  page  109. 

^  Aopendix  D,  paces  0-15  and  0-17  to  0-19. 
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when*  sovmt  defense  spondmq  mav  ho  concept  ua  11  y  hi  sauoreqat  od 
into  N  physical  quant  1  ties  of  addi  t  iona  1  aoods  .uni  services 
procured  at  prices  ^  P ,  j.  i  in  the  tun'  period  t. 


This  coiireptu.il  re formal at i on  piust  be  implemented  bv 

USSR 

Soviet  military  'lords  and  services  (0  '  -it  the  US 

nUS 

Soviet  fecbnic.il  and  performance  spec  1 1 1  cat  1  oik  vl  ,, 
to  rubles  by  wans  of  estimated  ruble  dollar  r.\t  10s 
estimates  of  Soviet  defense  ;pendinq  bv  wans  et  the 
1 oqy  may  be  expressed  as  follows: 
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while  the  rubles  estimates  of  soviet.  NSl  may  also  be  expressed  as  follows 
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v  oUSSRpJb 
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If  the  actual  error  in  the  CIA  ost imat in<i  methodolooy  is  limited  to  under 
estimation  of  the  ir  S  ratio'. ,  term  in  tquat  ion  U'U' .  then  *  he  .iollar  estimates 
in  Equation  (J9)  will  not  be  after  ted- -only  the  ruble  estimates  ot  soviet  NSC 
will  bo  underestimated  which,  as  recoht.lv  observed  bv  Professor  M'ram  t'eruson 
of  Harvard  University,  will  have  the  follovvimi  imp  I  ication 
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error'  . 


'•■y  i *tf'6v3 id react! or  is  tr.a  i  .vo  co’cid  ar.diyzs  ^ov’et 
capabilities  witncut  reference  to  ruble  figures.  ..e 
have  the  physical  data.  I*  .-.e  ,*anted  to  agc-vc  ite.  we 
could  do  so  in  terms  or  dollars  and  maxe  ccmcar i sens . 
But  wnen  you  get  into  questions  like  defense  burden, 
competing  uses  of  resources  in  the  Soviet  Union  from 
the  standpoint  of  the  Soviet  government,  you  have  to 
introduce  rubles.  124 


Therefore,  by  revising  tne  ruble/dollar  ratios  upward,  the  estimated  defense 
burden  increased--which  has  important  implications  for  resource  allocation. 


US 

However,  it  is  also  possible  that  the  prices  (P  ')  and  quantities 

USSR  ' ' 

(0^'  )  are  understated  which  would  affect  tne  dollar  estimates  in  Equation 

(29).  If  the  estimates  of  (r  S  ratio).,,  are  revised  in  a  base  year,  such  as 

1970,  so  as  to  adjust  the  ruble  estimates  when  revisions  in  P  '  and 

1  l  1  t 

are  actually  required,  then  such  a  methodolooy  error  will  understate  the  ruble 
estimates  in  Equation  (.30)  over  time  beyond  the  base  year.  Therefore,  the 
new  information  for  the  base  year  1970  resulted  in  the  announced  revision  of 
the  ruble  estimates.  However,  if  the  foregoing  methodoloqy  error  were  not 
properly  corrected,  then  an  unrealistic,  continuous  acquisition  of  new  informa¬ 
tion  would  be  required  in  order  to  obtain  correct  ruble  estimates  each  year. 
Otherwise,  the  methodology  error  would  bias  both  the  trend  and  the  level  of 
the  ruble  estimate  (d!C)  in  Equation  ( 301 --which .  as  observed  by  Steven 
Rosefielde,  would  have  the  following  significant  national  security  implications 

If  we  are  correct  that  an  error  was  made  in  1970--that  Soviet 
defense  expenditures  in  rubles  are  much  greater  than  we  thought 
they  were  and  that  this  can't  be  rationalised  in  terms  of  a 
ruble/dollar  ratio--then  the  question  we  have  to  ask  is:  where 
is  the  error?  If  it's  not  in  the  ruble/dollar  ratio  as  a  mere 
monetary  phenomenon ,  then  where  can  it  be?  I  would  like  to 
suggest  that  it  can  be  in  either  of  two  places:  1)  in  the 
weapons  count  or,  2)  in  the  quality  of  the  weapons ..  .What  I 
know  about  the  weapons  count  makes  me  somewhat  suspicious.  You 
send  a  satellite  up;  you  see  a  factory;  you  measure  the  number 
of  square  feet  in  the  factory;  and  you  try  to  figure  out  how 
many  weapons  are  produced  inside  that  factory.  I'm  a  little 
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doubtrul  with  regard  to  the  accuracy  or  such  estimates,  out, 
regardless  or  that  particular  point,  wnat  about  quality’  ver 
tine,  as  everyone  knows ,  the  qua  1  i ty  >f  oviet  nilitary 


hardware  ha  >  i  ' 

T'-oveu  so  that ,  if  ce-snso  goods  nx?  o  routed 

wi th  base  year 

equipment  unadjusted  Mr  ;ual  i tv  nance,  i 

mere  physical  i 

nventory  of  Soviet  weapons  i'viv  seriousl,.  under 

state  the  real 

volume  of  effective  Soviet  weapons.  At  Me 

same  time,  doll 

ar  and  ruble  costs  are  understated  bv  Mi  ling 

to  measure  the  true  volume  or  primary  inputs  needed  tor  their 
production.  135 

US 

The  quality  of  the  Soviet  weapons  is  embodied  in  the  prices  P.^,  which 
should  reflect  all  of  the  Soviet  physical  characteristics  and  technological 
parameters .  The  quantity  of  the  Soviet  weapons  is  based  upon  samples 

of  direct  observations ,  and  a  set  of  Cost  Estimating  Relationships  (CER)  is 
used  to  determine  the  dollar  cost  of  a  given  weapon  system  which,  ideally, 
establishes  the  "opportunity  cost"  price  for  each  QUg'~i\  However,  tms 
"ideal  price"  is  seldom  realized  for  the  following  reasons: 

The  dollar  costs  of  Soviet  weapons  systems  fall  into  three 

general  categories,  depending  upon  the  intelligence  infor¬ 
mation  and  the  amount  of  cost-analyst  time  available. 

•  rir$t,  seme  Soviet  weapon  systems  are  assigned  the 
to;  t  of  the  most  c  err  arable  U.S.  syste”,  without 
itte~tting  to  take  into  account  differences  in 
characteristics  and  berfo*— ante  parameters. 

•  Second,  ZERs  are  used  for  various  comoorents  and 
subsystems.  For  examole,  the  dollar  cost  of  a  Soviet 
missile  may  be  constructed  from  a  family  of  ZERs  for 
the  various  Subsystems  ana  coroonents:  airframe, 
propulsion,  guidance  and  control,  RV,  warhead. 

i  Third,  an  actual  Soviet  weapons  system,  or  a  complete 
set  of  system  characteristics  and  performance  para¬ 
meters,  are  turned  over  to  a  U.S.  company  with  experi¬ 
ence  in  that  type  of  system  for  a  detailed  analysis  of 
what  it  would  cost  the  U.S.  company  to  produce  the 
Soviet  hardware  at  some  specified  quantity. 
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>e  third  type  of  dollar  costing  is  orer'erred,  but  it  is  the 
least  prevalent,  since  ccoies  of  Soviet  systems  and  detailed 
specifications  become  available  only  for  a  *ew  systems  and 
tr.en  infrequently.  Dollar  costs  constructed  from  component 
CEP.s  are  the  next  most  favored,  probably  the  most  widespread 
aoproacn.  The  simple  US  analogue  dollar  cost  is  the  least 
desirable  aoDroach,  but  it  often  is  the  best  that  can  be 
done  with  the  information  available. 

Complex  weapons  systems  tend  to  be  mixtures  of  the  first  t..o 
types  of  costs:  some  component  costs  are  estimated  from  CSSs, 
while  others  are  simple  analogues  or  percentage  factors  added 
in  an  attempt  to  arrive  at  total  system  costs.  Only  rarely  does 
the  irf creation  permit  a  cc'~olete  .'’eaoons  svstem  cost  anaivsis 
by  an  experienced  manufacturer  because  the  United  States  has 
seldom  acquired  a  complete  Soviet  weapons  system  intact.  136 

Therefore,  it  is  important  to  obtain  ruble  estimates  of  Soviet  defense  spending 
not  only  to  examine  resource  allocation  issues  such  as  the  defense  burden,  but 
also  to  provide  a  "consistency  check"  on  the  dollar  estimates  in  Equation  (29). 
If  the  quality  and  quantity  measurements  are  in  error,  then  alternative  metho¬ 
dologies  for  obtaining  ruble  estimates  of  Soviet  NSE  can  be  used  to  evaluate 
the  CIA  ruble  estimates  in  Equation  (30)  for  bias  in  both  trend  and  level. 
Consequently,  it  is  useful  to  examine  the  disaggregation  of  CIA's  ruble 
estimates  based  upon  the  general  classifications  embodied  in  the  assumptions 
presented  in  Equation  (271. 


2.S.2  Principal  Resource  Categories 


As  described  in  the  previously  cited,  unclassified  CIA  report  pertaining 
to  the  SCAM,  the  CIA's  ruble  estimates  may  be  di saggregated  into  the  following 
"three  principal  resource  categories": 

Anotner  way  of  analyzing’ Soviet  defense  spending  is  to  break 
it  down  into  three  orinciDal  resource  cateoories--investment, 
operating,  and  RDT&E.  Since  1970,  each  o‘  these  categories  has 
°  j  f jr  ths  33^2  rc^ticn  o ^  t c 1 2 1  Inv25t.T9!lt 

outlays  an c  ooeratinc  requi  re~en ts  have  each  *aken  about  90 
”  ,  "  i  ^  2  s  C T 2  22  : 9 r% C  2 ^  s  b  2 2 .  .  '  ”  *  ?  -2  2  * 2 £  . 


1  ^ 

1 JD  Op .  C i t . ,  The  Estimation  of  Soviet  Defense  Expenditures,  1955-~5:  An 
Unconventional  Approach,  pages  3-9. 
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Most  'nvestment  spending,  and  apo^t  one- third  o*  total  defense 
spending,  is  fo1'-  new  weapons.  During  197?- 1975,  about  95  percent 
of  the  total  weapon  procurement  outlays  *as  for  strategic  weapons. 

About  70  Percent  of  total  expenditures  for  weapons  procurement 
was  devoted  to  purchases  of  aircraft  and  -"issiles.  This  reflects 
botn  the  emphasis  the  Soviets  are  cutting  on  :-ocem icing  their 
forces  with  sucn  systems  and  the  fact  tnat  tnese  items  are  extremely 
costly . 

Procurement  of  equipment  for  support  of  deployed  *crces--such  as 
radar  and  other  electronic  systems,  general  purpose  vehicles,  a 
wide  array  of  organisational  equipment,  and  military  space  recon¬ 
naissance  systems--has  increased  steadily.  Outlays  for  construction 
of  facilities  have  accounted  for  about  10  percent  of  total  invest¬ 
ment  costs  during  the  period. 

Operating.  Operating  expendi tures  are  those  costs  associated  with 
the  day-to-day  functioning  of  the  military  establishment.  The 
major  factor  in  operating  costs  is  military  manpower.  In  1970-1975, 
personnel  costs--oay  and  allowances,  food,  and  personal  equipment-- 
accounted  for  a  little  less  than  hal*  of  total  operating  outlays  and 
about  20  percent  of  total  oefense  expenditures. 

Maintaining  the  stocks  of  weapons  and  equipment  required  about  35 
percent  of  operating  expenditures.  These  outlays  are  primarily  for 
the  purchase  and  installation  of  spare  parts.  Over  the  past  decade 
they  have  been  growing  almost  twice  as  fast  as  oersonnel  expenditures, 
and  faster  than  overall  defense  spending.  This  is  an  indication  of  the 
increasing  size  and  complexity  of  Soviet  weapon  holdings. 

The  remainder  of  operating  expendi tures--maintenance  of  facilities, 
purchases  of  petroleum  and  lubricants,  utilities,  transportation, 
and  other  general  operating  i tems--accounts  for  less  than  10  percent 
of  total  defense  spending. 

ADTSE .  The  estimate  o*  Soviet  outlays  for  is  based 

primarily  on  analysis  of  Soviet  stat’ist'cs  arc  is  the  ’east 
-e  .  i  ab’e  cu^  e$t'ma*es.  is  ~  ^  ^  ^  • 

aoout  tne  oasic  data,  most  of  wnich  cc~e  *r:m  soviet  puplica- 

: ' .  -  s .  ^  a  c  d '  t  i ' n ,  t*'e  gs*i~afc-a  ^  .  ......  .  -  ^  „ . i '  *  u  **  es 

between  tre  military  and  civilian  sectors  :s  particc'ar';. 
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will  require  increasing  allocations  for  one  development  cf 
future  generation.  137 


In  addition  to  the  foregoing  CIA  definitions  of  major  resource  categories,  the 
division  of  estimated  Soviet  ROTJE  expenditures  between  the  military  and 
civilian  sectors  has  been  explained  by  CIA  economist,  John  Pitzer,  as  follows: 

R&O  is  very  heavily  military.  Total  expenditures  are  estimated 
in  1970  as  9.927  billion  rubles.  Estimates  of  military  R&D 
range  from  50"  to  75"  of  total  R&D.  The  Soviet  published  value 
(Science)  on  which  the  9.927  billion  rubles  is  based,  is  thought 
to  be  understated  by  about  30".  Thus,  if  we  increase  this  total 
by  303  and  take  an  intermediate  share  of  503,  military  RSD  would 
be  about  7.5  billion  rubles.  133 

The  rather  complicated  algorithm  reflected  in  this  statement  is  still  consistent 
with  the  "two-thirds  rule"  with  respect  to  the  Science  line  item  because  the 
1970  entry  for  Science  in  Table  2.1  is  11.7  billion  rubles.  In  other  words, 
the  CIA  estimate  of  7.5  billion  rubles  for  Soviet  military  R&D  in  1970  is  a 
little  less  than  two-thirds  of  the  11.7  billion  rubles.  This  is  also  consistent 
with  the  assumDtion  that  3^  :  2/3  in  Equation  (27).  Moreover,  the  ratio  (i7t) 
of  CIA's  estimate  of  the  Soviet  Operating  Budget  to  the  Official  Soviet  Defense 
Budget  in  Column  8  of  Table  2.16  is  consistent  with  the  assumption  pertaining 
to  a7t  in  Equation  (27) . 


2.8.3  CIA  Estimates  of  Soviet  NSE 


CIA  estimates  of  Soviet  NSE  utilizing  the  Direct  Costing  Technique  are 
summarized  in  Table  2.18.  It  should  be  noted  that  the  CIA  estimates  of  the 
Soviet  Operating  Budget  in  Column  2  of  Table  2.18  do  not  include  expenditures 
for  military  construction  which  appear  in  Column  5  and  are  included  in  the 


137 

138 


CIA,  Estimated  Soviet  Defense  Spending  in  Rubles,  1970-1975  ,  SR  76-1012111, 
May  1976,  pages  13-14. 


John  Pitzer,  "Reconciliation  of  Gross  National  Product  and  Soviet  National 
Income"  a  paper  presented~at  a  NATO  colloquium  in  July  1977,  CIA  Office  of 
Economic  Research,  December  1977,  page  28. 
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Table  2.13 

CIA  Esti-aces  of  Soviet  National  Security  Expenditures 
ror  tne  Perioc  1S6C-1975  139 
(billions  of  current  rubles) 


1 

■WBi 

"3 

- 3 - 

5 

- 5 - 

- 7 - 

Expendi tures 

Investment  Expenditures 

Operating 

Soviet 

Total  Soviet 

Total 

Budget 

Military  R40 

Soviet 

Military 

Investment 

Estimated 

Estimate 

Expenditures 

Procurement 

Construction 

Expendi tures 

Soviet  NSE 

Year 

a7t(0efense)t 

s7t( Science) t 

Expenditures 

Expenditures 

(T7tl 

f.°7t' 

1960 

9.0 

4.6 

(  2.6) 

8.1 

K3S 

1961 

9.6 

4.9 

(  3.0) 

3.7 

eh 

1962 

10.3 

5.1 

(  3.5) 

9.3 

mu 

25.7 

1963 

10.9 

5.5 

(  3.3) 

9.8 

10.9 

27.3 

1964 

11.7 

5.8 

(  4.2) 

10.5 

11.6 

29.1 

1965 

12.4 

6.2 

(  4.6) 

11.2 

12.4 

31.0 

1966 

13.2 

6.6 

(  5.0) 

11.9 

13.2 

33.0 

1967 

14.1 

7.0 

(  5.5) 

12.7 

14.1 

35.2 

1968 

15.0 

7.5 

(  6.0) 

13.5 

15.0 

37.5 

1969 

16.0 

7.9 

(  6.7) 

14.4 

1.6 

16.0 

39.9 

~wnr 

17.0 

8.5 

l  7’4 

— rrii - 

1.7 

17.0 

42.5 

1571 

13.1 

5.1 

(  4.7) 

16.3 

1.3 

18.1 

45.3 

1972 

19.3 

0  6 

(  9.6) 

17.3 

2.0 

19.3 

48.2 

1973 

20.6 

10.2 

(10.5) 

18.5 

2.5. 

20.6 

51.4 

1974 

21.9 

10.9 

(11.0) 

19.7 

2.2 

21.9 

54.7 

1975 

23.3 

11.6 

(11.7) 

20.9 

2.4 

23.3 

58.2 

139 

Sources  of  Information  presented  in  Table  2.13  are  as  follows: 

e  Coluim  2  is  JO  percent  of  Column  7; 

a  Coluim  3  i  f  20  percent  of  Coluim  7— for  purposes  of  comoarison,  the  figures  in  • 
parentheses  are  2/3  times  the  values  pf  the  Science  line  item  in  Table  2.1; 

•  Coiuim  4  is  36  percent  of  Column  7; 

«  Column  5  is  1  percent  of  Coluim  7; 

a  Column  6  is  Coluim  4  plus  Coluim  5  or  40  percent  of  Column  7;  and 

e  Coluim  7  is  derived  from  the  methodology  developed  in  Tables  2  and  3  of  Leggett/9abin 's 
article  on  'A  Note  on  the  leaning  of  the  Soviet  Defense  3udget",  in  Soviet  Studies. 

'he  curvilinear  projection  equation  for  the  mid-ooint  values  of  the  interval  estimates 
is:  2.  *  (42.5) ( l.C65)t*  1970  for  t’1960,...,  1975.  The  two  basic  assumptions  jse'd  ‘or 
this  projection  are:  1)  the  1970  base  /ear  *‘igure  can  be  "backcasted"  to  I960 
"using  a  4-5  percent  annual  growth  rate",  and  2)  the  original  CIA  estimates  in  1970 
rubles  can  be  "adjusted  conservatively  for  a  2  percent  annual  rate  of  inflation”. 
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estimates  of  total  Soviet  Investment  Expenditures  in  Column  6.*  ^  Although 
trie  estimates  or  Soviet  m.i I  itary  R&O  expenditures  in  Column  3  of  'able  2. 13 
are  approximately  SC  of  trie  figures  in  Col  urn  '  and  roucnly  two-tniros  o”’ 
tne  Science  line  ;  terns  in  Tade  2.1  >  which  are  snown  in  parentheses'  for  tne 


oeriod  1970-I9'5,  there  is  a  distinct  di veraence  between  the  estimates  in 


Column  3  and  the  two-thirds  of  Science  line  items  in  parent.neses  for  the  period 


1960-1970. 
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As  "ay  be  observed  by  comparing  t,ie  entry  in  Column  3  for  1960 


with  two-thiras  of  the  Science  line  item  for  the  same  year  in  Table  2.1,  the 


magnitude  of  what  appears  to  be  a  methodology  error  is  two  billion  rubles 
(i.e.,  4.6  -  2.6  =  2.0). 142 


Comparison  of  alternative  estimates  of  the  parameter  a  in  Table  2.  IS  by 
"earis  of  the  statistical  confidence  interval  in  Equation  [26)  provides  a  test 
for  any  significant  differences  in  tne  I'ethodologies  for  estimating  the  Soviet 
Operating  Budget.  The  same  test  may  also  be  used  to  determine  whether  there 
is  a  significant  difference  in  the  definitions  for  the  component  elements  of 
the  Soviet  Operating  Budget  which  Bill  Lee  has  defined  as  follows  in  terms  of 
Soviet  operating  costs: 


Operating  costs  are  defined  as  a)  personnel  costs  (pay  and  wages  of 
uniformed  and  civilian  personnel;  food,  clothing,  and  medical 
suoplies  and  services);  b)  operating  costs  (all  fuel,  power,  che¬ 
micals,  spare  parts,  and  water:  materials  and  services  required 
for  current  operation  and  maintenance  of  tne  MoD  establ isnment, 
other  than  personnel  costs);  c)  caDital  repair  of  facilities  and 
equipment;  d)  military  construction;  and  e)  official  travel. 
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Column  2  of  Table  2.18  corresponds  to  S I  PR  I  categories  1,  2,  and  3  in 
Table  2.0,  while  Column  3  corresponds  to  SIPRI  category  5,  Column  4  to 
SIPRI  category  4,  and  Column  5  to  SIPRI  category  6. 

It  is  possible  that  the  curvilinear  projection  of  the  total  estimated 
Soviet  NSE  for  the  oeriod  1960-1970  results  in  an  overestimate  of  actual 
defense  spending  by  the  difference  between  tne  values  in  Column  3  with  and 
without  parentheses.  However,  as  discussed  in  Appendix  A,  this  divergence 
is  resolved  in  favor  of  the  "two -thirds  of  Science"  rule. 

142 


143 


Robert  Leggett  and  Sheldon  Rabin  are  able  to  test  tne  quality  of  tneir 
projected  estimates  of  the  CIA  Operating  Budget  by  comparison  with  tne 
Official  Soviet  Defense  Budaet  reflected  in  ’able  2.'.  The  estimates  utili¬ 
zing  the  "two-thiras  of  Science"  rule  in  Column  3  of  'able  2. IS  provide  tne 
same  type  of  quality  test  for  the  estimates  utilizing  20  percent  of  . 


0d.  Cit.,  Bill  Lee's  book,  cage  36. 
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It  is  evident  that  Bill  Lee  considers  military  construction  to  be  an  operating 
cost,  wnereas  the  CIA  considers  it  to  be  a  defar.se  investment  expenditure. 

Bill  wee  explains  the  oasis  -'or  nis  definition  a-'  ooerating  costs  as  follows: 


It  seems  to  be  rather  common  knowledge  amongst  emigre  Soviet 
economists  that  the  "Defense"  apDropriation  finances  wages  of 
personnel,  operating  costs  (all  types  of  material  purchases), 
amortization  (replacement,  poteri)  of  facilities  and  equipment, 
military  construction,  and  official  travel.  According  to  these 
sources,  the  reported  "Defense"  appropriation  in  the  USSR  State 
budget  does  not  include  the  cost  of  military  hardware  (voennia 
teknika),  prototypes  for  military  R&D  programs,  or  hardware 
expended  for  civil  and  military  space  programs.  This  information 
is  fully  consistent  with  (the  viewpoint  that)  "Defense"  consists 
of  the  standard  Group  II  articles,  which  would  cover  only  pay, 
operations,  maintenance,  and  military  construction.  This  is  not 
to  say  that  "Defense"  covers  all  such  outlays  by  the  MoD,  but 
that  "Defense"  covers  only  such  outlays.  -44 

The  "common  knowledge  amongst  emigre  Soviet  economists"  cited  by  Bill  Lee 

apparently  reflects  a  private  communication  between  Bill  Lee  and  "a  Soviet 

economist  who  worked  in  the  economic  research  institute  of  the  USSR  Academy 

of  Sciences",  because  Bill  Lee's  definition  of  operating  costs  is  identical 

to  what  this  emigre  Soviet  economist  told  him  constitutes  the  "Defense" 

145 

appropriation .  By  contrast,  Robert  Leggett  aru  Sue  1  don  Rabin  of  CIA  provide 
the  following  alternative  definition  of  the  Soviet  wOfense  Budget: 


It  is  suspected  that  the  announced  defense  budget  covers  only  the 
operating  and  maintenance  costs  of  the  Soviet  military  establish¬ 
ment.  This  notion  is  prompted  by  a  review  of  several  Soviet  mono¬ 
graphs  which  imply — if  we  follow  them  to  their  logical  conclusions — 
that  the  official  defense  appropriation  during  the  postwar  period 
has  been  a  current  expenditures  budget  for  the  Ministry  of  Defense. 
Although  no  definitions  are  provided  in  the  Soviet  literature,  this 
kind  of  budget  would  likely  include  pay  and  allowances  of  military 
personnel,  wages  of  civilian  MoD  employees,  some  current  repair  of 
facilities,  food  and  nonfood  quartermaster  supplies,  utilities  and 
the  like.  Under  this  conceot,  expenditures  for  the  procurement  of 


Ibid.,  page  328.  The  "Defense"  aporoDriation  reflects  the  value  of  the 
Official  Soviet  Defense  Budget  provided  in  Table  2.1. 

^  William  T.  Lee,  "Hidden  Defense  Expenditures  in  the  USSR  State  Budget,1' 
GE-TEMPO  working  paper  (GE  75  WP-14),  1975,  page  27. 
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weapons,  military  space  programs,  R3D,  =•  l  :t.:ar  defense  activities 
vould  oe  financed  elsewnere  in  tne  State  u  -at  (primarily  ,ncer 
Financing  tne  National  Economy. and  Scier.c  :r  possibly  financed 
from  non-budoetary  sources. 

Therefore,  in  order  to  avoid  tne  introduction  ■>*  information  error",  it  is 
necessary  either  to  use  the  same  definition  of  Soviet  operating  costs  or  to 
develop  a  new  estimate  of  tne  Operating  Budget  parameter  (j?)  in  Table  0.16 
using  the  CIA  data  in  Taole  2.18  and  Bill  Lee's  :e -‘in  i  tion  of  operating  costs. 
This  requires  that  tne  military  construction  expenditures  in  Column  5  of  'able 
2.13  be  added  to  the  CIA  estimates  of  tne  operating  budget  in  Column  2  of  the 
same  table.  Tne  resulting  sum  is  then  divided  by  the  official  Soviet  Defense 
Budget  in  Table  2.16  to  obtain  new  CIA  estimates  of  the  x  parameter--wnich 
are  summarized  in  ’able  2.19. 


The  new  CIA  estimate  in  Column  6 


.  a. 


is  generally  creator 


than  the  Bill  Lee's  estimate  (ir  )  in  Column  S  ;f  *iie  same  table.  Inasmuch  as 
Bill  Lee's  sets  of  data  for  X  and  V  in  Columns  3  arc  7  of  Table  2.7  for  tne  period 
1960-1970  (as  modified  in  Footnote  126)  can  be  used  to  estimate  the  X%,  j~ ,  a,  0, 
and  a“ „  parameters  for  Equations  (25)  and  (26),  the  statistical  significance  of 
the  CIA  estimating  methodology  may  then  be  tested.  The  new  CIA  estimate  in 
Column  6  is  based  upon  the  same  definition  as  that  used  by  Bill  Lee,  so  that 
differences  between  i*  and  reflect  only  the  differences  in  the  methodologies 

for  estimating  the  Soviet  Operating  Budget.  By  like  token,  since  the  new  ana  old 
CIA  estimates  in  Columns  6  and  ’  of  Table  2.19  (i.e.,  x*  and  .w)  are  based  upon 

/  L  /l 

the  same  estimating  methodology ,  then  the  differences  between  them  **eflecc  only 
the  differences  in  the  definitions  of  the  Soviet  Operating  Budget.  In  this  context, 
Robert  Leggett  and  Sheldon  Rabin  cite  such  Soviet  authors  as  V.P.  V'yacheiix,  .. 

Ya.  Berri  ,  and  V. A.  Yevdokimov,  as  well  as  Milan  Scicax  ylarmade  po  unoru,  Prague, 
1968,  page  154)  to  support  their  view  that  tne  Soviet  Defense  Budget  does  not 
contain  military  construction  expenditures.  Ai  t.ncugn  most  of  this  evidence  with 
respect  to  the  correct  definition  of  tne  Soviet  Operating  Budget  appears  to  be 
inconclusive,  tne  -'oregoing  statistical  test  mo;  os  used  to  determine  tne  i -portar.ee 


0  Do.  Cit.,  RoDert  Leggett  and  Sheldon  Rabin,  ■  Note  on  tne  "eaning  of  toe 
Soviet  Defense  Bucget,"  page  9.  In  Footnote  2,  t.ne  authors  acknowledge  that 
"Dther  plausible  variations  of  tne  operational  ouuget  nvpotnesis  are  certainly 
possible.  William  Lee,  for  example,  has  v.-m  item  that  tne  defense  budget. . . 
probably  has  consisted  entirely  of  operating  costs  and  "il'tary  construction 
in  nost,  although  not  all,  years  since  tne  ea*'ly  1950s".  (Op.  Cit.,  Bill  „ee's 
book,  1977,  page  273). 
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New  CIA  Estimates  of  the  Parameter  }„ 

L 


1 

j  2 

3 

- 3 - 

3 

/ 

“ 8~ 

Year 

Official 
Soviet 
Defense 
Budget 
(DEFENSE) t 

The  CIA 
Estimates  of 
Operating 
Budget 

(Original 
Defi ni tion) 

The  CIA 
Estimates  of 
Mi  1 i tary 

Construction 

Expenditures 

CIA  Estimate? 
of  the 
Operating 
Budget 
(Bill  Lee's 
Defini tion) 

New  CIA 
Estimate 

Old  CIA 
Estimate 

'a7t' 

Bill  Lee's 
Estimate 

(a5J 

1960 

WKxm 

9.0 

.9 

’mn  ■ 

1.064 

.968 

1.000 

1961 

mMm 

9.6 

.9 

.905 

.827 

.871 

1962 

12 . 6 

10.3 

1.0 

■Iff  , 

.896 

.817 

.849 

1963 

13.9 

10.9 

1.1 

12.0 

.863 

.784 

.320 

1964 

13.3 

11.7 

1.1 

12.8 

.962 

.880 

.910 

1965 

12.8 

12.4 

1.2 

13.6 

1.062 

.969 

1.000 

1966 

13.4 

13.2 

1.3 

14.5 

1.082 

.985 

i.000 

1967 

14.5 

14.1 

1.4 

15.5 

1.068 

.972 

1.000 

1968 

16.7 

15.0 

1.5 

16.5 

.988 

.898 

1.000 

1969 

17.7 

16.0 

1.6 

17.6 

.994 

.904 

1.000 

1970 

17.9 

17.0 

1.7 

18.7 

1.044 

.950 

1.000 

■  VT  ■ 

■■  ,  • . 

■ 

nnn 

1.011 

■n 

■ 

K  »  fEr  , 

-U.  ' 

-  ■  Bi-m 

1.078 

__B 

lt‘1  if 

17.9 

Vjk  '  V  ■ 

E-  H  M  B 

1  -fl  " 

1.151 

1974 

17.6 

E  K1 

24.1 

■Hcivl 

1.244 

1975 

17.4 

23.3 

™i 

25.7 

1.477 

1.339 

1.385 

Sources  of  the  information  presented  in  Table  2.19  are  as  follows: 


Col  umn 

2 

is 

Co 1 umn 

2 

of  Table  2.16; 

Col  umn 

3 

is 

Column 

2 

of  Table  2. 18; 

Col umn 

4 

i  s 

Co  1  umn 

5 

of  Table  2.18; 

Col umn 

5 

i  s 

Col  umn 

3 

plus  Column  4  of 

this 

table ; 

Col  umn 

6 

i  s 

Co  1  umn 

5 

di  vi  bed  by  CM  umn 

2 ; 

Col  urn 

7 

i  s 

Col umn 

J 

divided  by  Column 

2; 

and 

Col umn 

8 

i  s 

Co  1  umn 

7 

of  "Table  2.16. 
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ticai  test  rjr  s '  :n ' 'i cant  ci  ferences  tie  ce”.  mcions  or  est  •  -a  v  :••••; 
tecnn’dues  o*  fie  ofier  baselne  eficdo’ '  lies . 


2.9  "nE  E'vl'ERNAL.  INFORMAT  ION  ^’hCD 

'he  '.1st  baseline  rethodol oq>  to  be  cons'cereg  in  t.nis  sumrary  report  ' 
t-ie  Externa1  In-'ormation  '»etnod,  whicii  is  base:  urcn  -ecent  oata  publisned  t\ 
tie  Chinese  concern  ire  the  share  o*  Soviet  national  in core  devoted  to  defense 
soendino.  ’he  averaoe  annua’  irowth  ates  -'c  Soviet  \>E  cited  by  fie  Civnes 
for  particular  tine  oeriocs  ray  be  ..sea  to  construct  a  set  of  estimates  v2 
tor  the  tire  oeriod  1960-  1975.  ~nis  external  infoi—'ation,  .vincn  is  summarize 
in  'able  2.20,  can  be  used  to  directly  estimate  *"our  values  of  D,„. 


Table  C.CG 

External  Information  for  Estimating  Soviet  MS: 


Share  or  Soviet 
National  Income 
Devoted  to 
Defense 
(03t/NMP) 


soviet 
National 
Income  or  Net 


142.3 
CS5.5 
348 . : 
363.0 


4 

5 

6 

Time  Period 

Average 

j  Estimated 

Covered  bv 

Annual  Growth 

Level  of 

the  Average 

Rate  for 

j  Soviet  NSE 

Annual  Growth 

Soviet  NSE 

1  °3t 

Rate 

^rSt' 

18.7 

1961-1965 

.090 

48.8 

1966-1970 

.111 

68.2 

1971-1974 

.087 

72.6 

| 

ources  o*  mrormation  o resented  in  aO:e _ u  are  as  \n  lows: 

•  Column  C  is  taxe”  *"om  the  -exino  Review.  November  C8.  19'5,  race  and  Movempe 
*,  19 '5,  oac.e  30. 

•  Column  3  is  taken  t'-pm  various  issues  o*  Ma ■•ocnce  v"o:'.i.i  stf  333  R.  fie  Sovet 
annual  statist' cal  handbook. 

•  Column  4  is  Column  3  tires  Column  3. 

•  Columns  5  and  6  are  t.ixer  ~''cr  -ex ’’id  Rev ’ew.  .  m. 53.  ID'S,  race  11,  «nerein 
the  average  value  r’or  r,^  during  trie  cericc  19' 1-19 '4  -s  •'eoorted  to  be  .114. 

O  k. 

however,  this  is  not  consistent  wifi  tie  Col  .mr  4  data  ,.vnici  orocao  y  refects 
an  arithmetic  error)  and  should  be  .38'  as  shown. 


ay  introducing  tne  assumption  o*  'equa .  annual  proportional  cnances '  in  tne 
estimates  of  0,  *'or  those  years  covered  i*  Co’. urn  3  of  'able  2.20,  then  tr« 

O  w 

*911  twina  curvilinear  projection  equation  mav  oe  ..sec: 


Dgt  =  a3b3'C*  for  t=  1960 .  1975  and  t**1960,  1965,  1970 


where  a.  is  the  base  year  level  of  0Qr ,  ana 

dt 

bu  -  >r;)  is  an  average  qrowth  rate  oercentace  parameter. 


n  orje--  to  calculate  tne  estimates  of  Dc„  for  the  period  1960-19'5  usina 

ot 


Equation  v. 2 7 )  and  tne  data  for  ra  in  'able  2.20,  a^  rust  initially  re  set 


equal  to  Dg  As  a  result,  the  average  growth  rate  oercentace  parameter 


for  1965  is  changed  from  1.09  to  1.111,  and  botn  a-  and  b-  for  1970  are  cnange 

to  AS. 3  and  1.087,  respectively.  The  estimates  of  D,.  a-e  sumrariqed  in  'sole 

St 

9  9  t 


'able  2.21 


Chinese  Estimates  of  Soviet  National  Security  Expenditures 
(billions  of  current  rubles) 
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1 

2 

3 

4 

5 

6 

Year 

°8t 

Year 

°st 

Year 

°8t 

1960 

(18.7) 

1966 

32.0 

1970 

(48.7) 

1961 

20.4 

1967 

35.5 

1971 

53.0 

1962 

22.2 

1968 

39.5 

1972 

57.6 

1963 

24.2 

1969 

43.8 

1973 

62.6 

1964 

26.4 

1974 

(68.2) 

1965 

28.8 

1975 

(72.6) 

Since  detailed  information  with  regard  to  the  component  elements  o**  tne 
estimates  of  Dg.  in  Table  2.21  are  not  available,  it  is  not  possible  to  i Toler 
the  generalized  Equation  (1).  In  place  of  the  and  Ygt  parameters  *o 

1  4Q 

1  Sources  of  information  oresented  in  'able  2.21  are  as  follows: 
t  Column  2  uses  a3  =  18.7  and  o,  =  1.09  from  'aole  2.20. 

•  Column  4  uses  a3  =  28.8  and  b3  =  1.111  -rom  Tacle  2.20. 

•  Column  5  uses  a^  =  48.'  and  o^  =  1.08'  from  Tuple  2.20. 


the  Soviet  Operating  Budget,  military  R&D  expenditures,  and  procurement,  the 
Chinese  estimating  methodology  is  reduced  to  simply  the  a3  and  b-  parameters 
in  Equation  (27;.  In  this  context,  the  externally  supplied  information  in 
Table  2.20  may  be  used  with  the  assumption  of  "equal  annual  proportional  changes" 
embodied  in  the  curvilinear  projection  equation  to  directly  estimate  the  a_:  and 
b3  parameters  instead  of  the  *gt ,  Sgt ,  and  Ygt  parameters  used  in  the  other 
baseline  methodologies.  This  general  relationship  may  therefore  be  expressed 
as  follows 


Dgt  =  a3b3 


,(Defense)t  +  3gt(Science)t 


in  order  to  obtain  the  Chinese  estimates  of  Soviet  NSE  in  Table  2.21.  As 
previously  indicated,  the  5gt  term  in  Equation  (i)  is  a  composite  error  term 
which  contains  a  mixture  of  information  error  and  methodology  error  that  will 
not  necessarily  cancel  each  other  to  become  zero.  Tnerefore,  the  unknown,  but 
actual,  level  of  Soviet  MSE  for  time  period,  D* ,  is  related  to  the  Chinese 
estimates  in  the  following  way: 

Di  ■  08t  *  «8t  *  a8ba"'*  *  S8t  for  '■» .  1975'  1291 

which  can  be  alternatively  expressed  as: 

"at  ■  °t5!t  (30) 

where  5*t  =  ( D^~‘53t; ^ =  ^"^t^t^  is  a  mul tipi icati ve 

composite  error  term  reflecting  a  mixture  of  information 

and  methodology  errors. 


If  the  actual  level  of  Soviet  NSE  is  hypothesized  to  follow  a  curvilinear 
growth  path 

D*  =  ab1^*,  (31) 

then  substituting  Equation  (31)  into  Equation  (30)  and  adding  subscripts  for 
the  ith  estimating  methodology  will  produce  the  following  general  formula,  which 
may  be  used  to  represent  the  numerical  estimates  of  Soviet  NSE  for  each  of  the 
eight  baseline  methodoloaies  which  have  been  reviewed  in  this  summary  report: 


D..  =  a.b-5* 
it  i  l 0 i t 
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In  this  formula,  the  a.  and  b.  parameters  coincide  with  a  anc  b,  -esoecti ve !  .  . 

in  Equation  (31  for  all  baseline  methodologies.  In  addition,  the  base  .ear 

may  be  set  to  cere  (or  an,  desired  .ear'  for  convenience,  anc.  ■>*  must  be 

it 

conceptually  partitioned  into  information  and  methodology  errors. 


3.10  PROPERTIES  OF  ESTIMATORS 


Before  summarizing  the  current  estimates  of  Soviet  NSE  generated  by  -leans 
o*'  the  eight  baseline  methodologies  which  have  been  reviewed  in  this  summary 
report  and  as  an  expansion  upon  the  terms  of  reference  previously  introduced  in 
Section  2.1  of  this  report,  it  should  be  observed  that  each  of  the  baseline 
■ethodologies  may  be  summarized  by  means  of  an  estimator  which  has  certain 
traditional  properties.  Therefore,  it  is  useful  to  briefly  review: 

•  Just  what  is  meant  by  estimation; 

•  The  properties  of  an  estimator; 

•  The  application  of  estimators  in  the  evaluation  of  the  baseline 
methodologies  and  estimates. 


In  this  context,  the  process  of  estimation  has  been  described  as  follows: 

Let  us  in  the  first  place  consider  what  we  mean  by  "estimation." 

We  know,  or  assume  as  a  working  hypothesis,  that  the  parent  population 
is  distributed  in  a  form  which  is  completely  determinate  but  for  the 
value  of  some  parameter  a.  We  are  given  a  sample  of  observations 

Xi . xn.  We  require  to  determine,  with  the  aid  of  observations,  a 

number  which  can  be  taken  to  be  the  value  of  9,  or  a  range  of  numbers 
which  can  be  taken  to  include  that  value. 

Now  the  observations  are  random  variables,  and  any  function  of  the 
observations  will  also  be  a  random  variable.  A  function  of  the  observa¬ 
tions  alone  is  called  a  statistic.  If  we  use  a  statistic  to  estimate  0, 

-it  may  on  occasion  differ  considerably  from  the  true  value  of  a.  It  appears 
therefore,  that  we  cannot  expect  to  find  any  method  of  estimation  which  can 
be  guaranteed  to  give  us  a  close  estimate  of  0  on  every  occasion  and  for 
every  sample.  We  must  content  ourselves  with  formulating  a  rule  which  will 
givd^good  results  "in  the  long  run"  or  "on  the  average,"  or  which  has  "a 
high  probability  of  success"  —  Phrases  which  express  the  fundamental  fact 
that  we  have  to  regard  our  me thod  of  estim.a t  ion  as  generati  ng  a  di s  tri but_i on 
of  estimates  and  to  assess  its  merits  according  to  the  properties  ofJ.hi s_ 
distribution. 


M.G.  Kendall  and  A.  Stuart,  The  Advanced  Theory  of  Statistics,  safner  Cub li shine 
Co.,  New  York,  Volume  2,  1961,  page  1-2  i  unde  rl  i’n’iag  added  "or  highlighting 
purposes ) . 
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Furthermore ,  the  difference  between  an  estimator  and  an  estimate  may  be 
defined  as  follows: 

It  will  clarify  our  ideas  if  we  draw  a  distinction  between  the 
method  or  rule  of  estimation,  which  we  shall  call  an  estimator, 
and  the  value  to  which  it  gives  rise  in  particular  cases,  the 
estimate.  The  distinction  is  the  'ame  as  that  between  a  function 
f(x),  regarded  as  defined  for  a  range  of  the  variable  x,  and  the 
particular  value  which  the  function  assumes,  say  f(a),  for  a 
specified  value  of  x  equal  to  a.  Our  problem  is  not  to  find 
estimates,  but  to  find  estimators.  We  do  not  reject  an  esti¬ 
mator  because  it  gives  a  bad  result  in  a  particular  case  (in  the 
sense  iat  the  estimate  differs  materially  from  the  true  value). 

We  shou.d  only  reject  it  if  it  gave  bad  results  of  the  estimator 
were  seriously  discrepant  distribution  of  possible  values  of  the 
estimator  were  seriously  discrepant  with  the  true  value  of  0. 

The  merit  of  the  estimator  is  judged  by  the  distribution  of 
estimates  to  which  it  gives  rise,  i.e.,  by  the  properties  of  its 
sampling  distribution.  151 

The  traditional  properties  of  an  estimator  which  are  of  interest  in  this 
summary  report  'nay  be  briefly  summarized  as  follows: 

•  Consistency, 

•  The  absence  of  bias, 

•  Minimum  variance. 

•  Relative  efficiency,  and 

•  Sufficiency. 

It  may  therefore  be  observed  that: 

•  An  estimator  which  is  cons istent  has  the  property  that,  as  the  sample 
size  of  n  observations  increases,  the  sampling  distribution  of  the 
estimate  converges  to  a  single  value  --  the  population  parameter  8; 

•  An  estimator  which  is  unbiased  has  the  stronger  property  that  the 
mean  value  of  the  estimate  will  coincide  with  the  population  para¬ 
meter  e  for  any  sample  size  of  n  observations; 

•  An  estimator  with  minimum  variance  has  the  property  that  its  variance 
formula  coincides  with  a  lower  bound  formula  below  which  the  variance 
of  the  estimator  will  not  fall; 


1  Ibid. ,  pace  2. 


Ill 


The  rel  a  ti  v? 
the  ratio  ot 
error  of  an 
tl:e  rel  ,1 1  i  ve 
.  -  .-“lured  by 


afr 
t  re 


l*;  t 


i o i r “ : v  of  two  unb i  ar  ed  estimators  '  ~n  be  rr..  esur 
.r  variance  fomul  as  *52  he.  .  ver,  e  the  r:.n 
'ator  equals  its  bias  squares  plus  its  \ jricnce, 
i  c  i  encv  of  any  two  os  t  i .  -  >  tors  Con  be  genu  r  a  Hy 
ratio  of  th.ir  r..:  an -square -error  formul  as  ;  i3*-* 


y 


.an 


An  estimator  that  is  a  sufficient  statistic  contains  all  the 
information  in  the  sample  about  the  population  parameter  9. 


It  is  certainly  true  that  an  unbiased  and  minimum  variance  estimator 
must  always  satisfy  the  sufficiency  property.  However,  a  sufficient  statistic 
need  not  be  an  unbiased  estimator  nor  a  minimum  variance  estimator.  Consequently, 
it  is  possible  for  an  estimator  to  contain  all  of  the  available  sample  informa¬ 
tion  about  the  population  parameter,  but  the  estimating  rrvethod  or  rule  formulated 
is  still  biased  or  still  inefficient.  If  this  bias  does  not  disappear  as  the 
sample  size  increases,  then  the  estimating  method  or  rule  formulated  is  also 
inconsistent. 


In  liqht  of  the  foregoing  properties  of  an  estimator,  it  may  be  stated  that: 

•  A  methodology  error  reflects  the  inappropriate  use  of  all  available 
sample  Information ;  while 

•  An  infonration  error  reflects  the  appropriate  use  of  only  part  of 
the  valid  sample  information,  as  well  as  the  possible  use  of 
erroneous  information. 


By  analogy,  a  methodology  error  alone  implies  that  the  estimator  is  a  sufficient 
statistic  but  may  be  oiased,  inefficient,  or  even  inconsistent.  By  contrast,  an 
information  error  alone  implies  that  the  estimator  is  not  even  a  sufficient 
statistic.  However,  once  the  information  error  is  eliminated,  then  the  estimator 
would  be  unbiased,  consistent,  and  have  minimum  variance.  Of  course,  the  usual 
situation  is  that  an  estimator  will  reflect  some  unknown  combination  of  both 
methodology  and  information  errors.  As  a  result,  the  typical  estimator  is  not  a 
sufficient  statistic  and  is  biased,  inefficient ,  and  possibly  inconsistent.  There¬ 
fore,  the  relative  intensity  of  methodology  and  information  errors  among  the  alter¬ 
native  techniques  for  estimatino  Soviet  .NSE  does  provide  a  basis  ‘‘or  tneir 
comparison  and  evaluation. 

"  M  — ■ — 

For  example,  the  mean  and  median  estimators  are  both  unbiased  when  tne  parent 
population  is  distributed  normally.  However,  since  the  mean  is  a  minimum  variance 
estimator  while  the  median  is  not,  then  the  mean  is  relatively  more  efficient 
than  is  tne  median. 
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For  example,  if  ■)  is  the  population  "ean,  then  its 
i;n,u  -'2-  -  ♦  S2  where  VX-*' 


-  (X.-e)  yn,  which  equals  (X-e! 
is  the  sample  variance.  The  X  statistic  is 


ean-squared  error  is 
is  the  bias  squared  \rd  S' 

ne  sample  "ean. 


2.10.1  Application  of  Estimators  to  the  Baseline  Methodologies 


>he  actual  level  of  Soviet  national  security  expenditures  for  a  given 
time  period  (D*)  is  obviously  unknown,  but  it  can  be  related  to  the  estimated 
level  (0 . t )  by  means  of  the  i th  estimation  technique  as  follows: 


“it  ■  “T'it 


(33) 


where  ; . ^  is  a  stochastic  "information  error"  term. 
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Assume  tnen  that  has  a  lognormal  distribution  with  the  following  mean  and 
vari ance : 

EUit)  =  ex.p(tui+bai2)  and  V(c-t)  =  expUti^.+o .2)  (exp^.2)-!}  (34) 

As  a  result,  the  natural  logarithm  of  has  a  normal  distribution  with  the 
following  mean  and  variance: 


E(incit)  =  tuj  and  Vlinc^) 


(35) 


Therefore,  the  average  information  error  will  depend  upon  the  value  of  the 
parameter^,  and  the  time  period  t,  and  the  variance  of  the  information  error 
is  constant  for  all  time  periods. 


The  actual  level  of  Soviet  NSE  for  a  given  time  period,  however,  can  be 
conceptually  related  to  a  base  year  (i.e.,  t  =  0)  parameter  (a^)  and  a  growth 
percentage  parameter  (b.)  using  the  i th  estimation  technique  as  follows: 


T53 - 

A.S.  Goldberger,  Econometric  Theory ,  John  Wiley  and  Sons,  Inc.,  1964,  pages 
215-216.  The  assumption  of  lognormal ity  for  is  aporopriate  if  the  effect 
of  an  in  ormation  error  is  directly  proportional  to  the  magnitude  of  the  actual 
level  of  Soviet  defense  spending  (&*,'.  ror  additional  details,  see  E.  Parpen, 
Modern  Probabi 1 ity  Theory  and  Its  Application.  Wiley,  New  York,  1960,  Dace  348 
and  fi. "trainer,  Mathematical  Method's  of  “Statistics .  Princeton  University  Press. 
1966  ,  page  220. 


,36' 


a  .bCv . . 

iiit 

where  v-*  is  a  stochastic  methodoloqy  error  term. 

1  V.  J 
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Assume  also  that  v.*  nas  a  lognormal  distribution  with  the  following  mean  ano 
vari  ance : 


E(vit)  =  exp(o>i+i3x?)  and  V(vit)  =  e>.p(2u.+A^)  {exp(x*)-U  ^37) 

As  a  result,  the  natural  logarithm  of  v-t  nas  a  normal  distribution  with  the 
following  mean  and  variance: 

t(in  v-t)  =  j .  and  V ( in  v^)  =  \". 

Therefore,  the  average  methodology  error  depends  only  upon  the  value  of  the  u. 
parameter,  and  the  variance  of  the  methodology  error  is  constant  for  all  time 
periods . 


Now,  by  substituting  Equation  (36)  into  Equation  (33),  the  following  single 
operational  equation  results:^® 


°u  5  hVit'it 


(39) 


f  the  classical  least-squares  estimation  procedure  is  applied,  the  result  is 
in  D.  t  =  ( in  a  .  )  +  ( in  b  . )  t  +  (in  v.  t+tn  ^  t)  (40) 

which  yields  the  following  linear  estimators: 
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The  particular  form  specified  in  Equation  (36)  applies  to  all  estimation 
techniques  and  b.  =  1+r^ ,  where  r.  is  the  rate  of  growth.  For  additional 

details,  see  J.  Johnston,  Econometric  Methods,  McGraw-Hill,  New  York.  End 
edition,  1972,  pages  48-49")  This  reflects  "the  hypothesis  formulated  in 
Equation  (31)  wherein  the  appropriateness  of  the  curvilinear  specification 
will  also  be  reflected  in  the  magnitude  of  the  methodology  error  term. 
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Equation  (39)  implements  Equation  (32)  operationally,  wnere  37  =  v.  c.. 

1  1  I  C  .  w 

implies  a  multiplicative  decomposition  of  the  composite  error  term  into 
information  and  methodology  errors. 
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✓N  t=n/2  ,  t=n/2  •> 

Una.)  =  Una.)  +  r  (.n  v. :n£ .  )/n  *  I  inD..l/n 
1  1  t=-n/2  *t=-n/2 


t=-n/2 

t=n/2 


t=n/z  t=n/2  -  (-t=n/2  x  t=n/c  ~ 

(in  b.)  =  (in  b . )  +  I  t  (;n  v. t+?n c  . J/Z  tc  =  Z  t  n  D.  /I  t  (42) 
1  1  t=-n/2  U  U  t=-n/2  '•t=-n/2  t=-n/2 


t=n/2 


■  he  expected  (i.e.,  mean)  values  of  the  base  year  oarameter  and  tne  growth 
percentaoe  parameter  of  the  1  inear  estimators  in  Equation  (41)  and  Equation  (42) 
are,  respectively:*^' 

E(tn  a  - )  =  (;na.)  +  ^  and  (43) 


E(inbt)  =  (in  bi)  +  vi 


This  suggests  that  a  systematic  methodology  error  (i.e.,  u^O)  in  the  ith 
estimation  technique  will  cause  a  bias  in  the  base  year  parameter  estimator 
for  in  a..  By  contrast,  a  systematic  information  error  (i.e.,  u^O)  in  the 
ith  estimation  technique  will  cause  a  bias  in  the  growth  percentage  parameter 

estimator  for  inbi .  ,  The  expected  value  of  the  estimated  level  of  Soviet  NSE  may 
therefore  be  expressed  as  follows: 

E(inDit)  =  E ( trTaU )  +  E(£n*b‘.)t  +  Efcn  v.t)  +  E&n  c^)  (45) 

By  substituting  Equations  (35),  (38),  (43),  and  (44)  into  Equation  (45),  the 
result  is: 

Efcn  D-t)  =  [Un  a^+fen.b.Jt]  +  2(ui+tu1)  (46) 

where  2(uii.+tu.)  is  the  combined  bias  due  to  systematic  methodology 
and  information  errors. 


Eq“ati0"  (4I>-  the  «Pectition  of  I""  Unv^c,  )/„  equals  I  ^ 

t— n/2  J  J  t=-n/2  1 

usmg  Equations  (38)  and  (35) which  reduces  to  u»..  In  Equation  (42),  the  expectation 

of  rn  .2  .......  ..  ..  t*n/2  , 


t=n/2 


-.=-n/2t(_'’ViP4''’C^,/(..„/2tZ  "iua,s  t..n/2t<“(+tU<,/i-n/2t2  “Si"9  t<"-ations 


(38)  and  (35)which  reduces  to  ji^. 
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In  order  to  further  evaluate  the  variance  formulas  for  the  linear 
estimators  defined  in  Equations  ; 4 1 )  and  -12',  some  additional  questions 
with  recard  to  the  "ethodology  and  information  errors  terms  (i.e.,  v._  and 

respectively'  must  be  addressed.  For  example,  are  tnese  terms  independent 
for  the  itn  estimation  technique,  or  are  tnese  systematic  errors  interdependent? 
The  minimum  variance  and  relative  efficiency  properties  of  the  alternative 
estimators  depend  upon  the  answers  to  tnese  crucial  questions.  Since  a  biasea 
estimator  ^ whose  magnitude  of  bias  is  inoeoendent  of  the  sample  size)  will  not 
be  consistent,  then  Equations  (41)  and  (42)  represent  inconsistent  linear 


est imators . 


Moreover,  if  p.  equals  zero  (i.e.,  there  is  no  information  error). 


then  Equation  (42)  will  be  a  sufficient  statistic.  In  addition,  if  *.•  equals 
zero  (i.e.,  there  is  no  methodology  error),  tnen  an  estimator  of  future  Soviet  NSE 
in  logarithmic  form  which  is  linear,  unbiased,  consistent,  sufficient,  and  nas  a 
minimum  variance  may  be  expressed  as  follows: 


>it  =  Una.)  +  (fnb'j)  t 


using  Equations  (41),  (42),  (46)  and  the  ith  estimating  technique,  because  ui  = 
v».  =0. 


2.10.2  Other  Means  of  Summarizing  the  Baseline  Methodologies 

Because  most  of  the  foregoing  estimators  generally  require  rather  tedious 
and  complicated  computational  algorithms,  the  generic  estimating  formula 
introduced  in  Equation  (1)  has  provided  a  more  convenient  frame  of  reference 
for  summarizing  each  baseline  methodology  in  terms  of: 

158 

r  2 

If  E(zneit)  *  (t/n)pi  in  Equation  (35)  and  EU1(.)  3  exp  ((t/n)u-  +  in 
Equation  (34),  then  (tnb^)  in  Equation  (42)  would  still  be  a  biased,  but  new 
consistent,  estimator.  Also,  if  E(4nv..)  =  u./n  in  Equation  (38)  and 
E(v.f)  =  expCu./n+^AT)  in  Equation  (37),  then  Una,-)  in  Equation  (41)  would 
still  be  a  biased,  but  now  consistent,  estimator. 


1 

i . 
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•  The  Operating  Budget  (.i.„), 

it 

•  Mi  1 i tary  R&D  (i .  t ) , 

•  Procurement  (>..),  and 

it 

•  All  of  the  other  expenditures  (s'  in  Table  2.0. 

1  z 

An  even  more  convenient  frame  of  reference  for  summarizing  the  baseline  metho¬ 
dologies  is  the  curvilinear  growth  path  estimating  formula  introduced  in 
Equation  (32).  By  means  of  this  formula,  each  of  the  baseline  methodologies 
may  be  summarized  in  terms  of  a 

•  Base  year  (i.e.,  t  =  0)  parameter  (a.), 

•  Growth  percentage  parameter  (b.),  and 

•  Multiplicative  composite  error  term  (5T  ). 

1  z 

It  is  within  this  curvilinear  growth  path  frame  of  reference  that  nas  been 
conceptually  partitioned  into  information  and  methodology  error  terms  (i.e., 

=  e,.*v...).  Assuming  aporopriate  statistical  Properties  for  e.,.  and  v 

I  t  1  t  1  t  1  L  1  t 

respecti vely ,  then  a  systematic  methodology  error  parameter  (i.e.,  ^  )  may 

be  associated  with  the  natural  log  of  a.  and  a  systematic  information  error 

parameter  (i.e.,  u^)  may  be  associated  with  the  natural  log  of  b^.  This 

provides  the  theoretical  framework  for  introducing  a  classified  value  for  a. 

(i.e.,  a*)  and  alternative  hypotnesized  values  for  b.  (i.e.,  b*)  so  that  each 

baseline  methodology  may  be  stat isti cal  1 v  evaluated  for  systematic  methodology 

159 

and  information  errors.  The  results  of  this  rigorous  statistical  evaluaf.cn 
with  classified  data  provide  a  theoretical  framework  for  future  analysis.  ^ 


The  statistical  tests  are:  t 


=  cna .  -  £(tna  • )  and  t<V  =  -  E(tnb.) 

[V(ina.  )]-^  ’  [VtCnST)]-5 
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where  the  classified  value  tna*  replaces  EUna,)  and  the  alternative  hypothe¬ 
sized  value  cnb*  [i.e.,  *n(l+rj]  replaces  E(TnH^)  in  each  t-statistic.  The 
null  hupothesis  is  that  oi.  =  0  and  u -j  =  0,  respectively.  Once  again,  the 
evaluation  of  the  V(tna^)  and  VUnb.)  variance  formulas  required  to  inclement 
these  t-statistics  depends  upon  whether  or  not  the  v-„  and  errors  terns 
for  the  itn  estimating  technique  are  assumed  to  be  i nee pen dent  or  i ntereeoeneent . 
These  theoretical  issues  provide  a  focus  for  future  researen. 

The  alternative  estimating  teenniques  are  evaluated  in  Apoendix  A  within  a 
resource  allocation  framework  by  imposing  the  national  income  accounts  definition 
of  gross  national  product  (i.e.,  GNP.  =  C.  *  I,  +  +  Q,. .  )  using  unclassified 

data.  An  alternative  resource  allocation  framework  for  evaluating  the  var-ous 
estimating  techniques  by  using  the  estimates  of  the  rate  of  growtn  of  Soviet  MSE 
within  the  Berqendorff-Strancert  model  is  provided  in  Appendix  C. 
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2.11  A  SUMMARY  OF  CURRENT  3A5ELINE  ESTIMATES  CF  SOVIET  NSE 


A  summary  or‘  all  or  cne  current  estimates  or  Soviet  NSE  wnicn  have  : ro _ 5 
Far  been  identified  during  this  review  of  baseline  ’echodoloaies  is  presented 
in  "able  2.22.  As  may  be  observed,  the 

•  historical  time  period  1960-1975  is  partitioned  into  periods 
(i.e.,  1960-1969  and  1970-1975';  and 

•  Alternative  estimates  of  Soviet  NSE  are  mucn  closer  tocetner  for 
the  period  1960-1969  tnan  they  are  for  the  period  1970-1975  (e.g., 
the  range  of  alternative  estimates  of  Soviet  NSE  in  1975  is 
approximately  twice  the  range  in  1970). 

Another  comparison  of  the  alternative  estimates  of  Soviet  NSE  may  be 
made  by  utilizing  the  Official  Soviet  Defense  Budget,  whicn  is  uniformly  less 
than  all  of  the  other  estimates,  as  a  baseline.  Inis  comparison,  which  is 
summarized  in  "able  2.23,  reflects  the: 

•  Averace  estimated  level  of  Soviet  NSE  f cr  each  estimating 
technique  over  the  historical  period  1960-1975  divided  by 
the  average  level  of  the  Official  Soviet  Defense  Budget  for 
the  same  time  period;  and 

•  Oegree  to  which  estimated  Soviet  defense  expenditures  have 
been  excluded  from  the  Official  Soviet  Defense  Budget,  as 
represented  by  the  ratios  shown  in  Column  J  of  the  table- 
tor  example,  it  may  be  observed  tnat: 

-  The  IISS  estimates  are  about  one-and-one-half  times  the 
Official  Soviet  Defense  Budget; 

-  Stanley  Cohn's  and  the  French  estimates  are  about  twice  the 
official  budget; 

-  The  S I  PR I  and  Bill  Lee's  commodity  basis  estimates  are 
more  than  twice  the  official  budget; 

-  The  CIA  estimates  are  almost  two-and-one-hal f  times  the 
official  budget;  and 

-  Bill  Lee's  establishment  basis  estimates  and  the  Chinese 
estimates  exceed  the  official  budget  by  more  than  two-and- 
one-hal  f  times . 

A  relative  ranking  of  these  ratios  is  presented  in  Column  5  of  Table  2.23,  on 
the  basis  of  which  it  may  be  observed  that  the  relative  ranking  of  the: 
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iD le  2.23 

A  Comparison  of  Alternative  Current  Baseline  Estimates  of 
Soviet  \ational  Secur'ty  Evpendi  tures  -'or  tne  -eriod  1960-1975 
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sources  of  the  data  presented  in  Moure  2.23  ire  is  follows: 

•  :o,umn  3  ,s  5it  •  £  S  0../16  fmm  Tide  2.22. 

C* I960  1 ' 

e  Colufm  4  reflects  the  result  of  dividing  eacn  ro*  element  of  Coluim  3  ay  tne 
*1rst  element  in  tne  njw  (i.e.,  15.2). 


•  Coiunii  5  reflects  tne  ordinal  ranulnq  of  tne  elements  in  Column  4. 

.  .  ,  C*1969 

•  -0 1  uim  s  IS  0,t  •  ;  3  10  from  tide  2.22. 

K  r- I960  '' 


•  Column  '  reflects  tne  result  of  dividing  eacn  *13*  element  of  Column  5  oy  tne 
fl rst  element  *n  tne  -ow  (t.e.,  .3.6). 

•  Column  3  -eflects  tne  ordinal  -anicing  of  t.le  e:ements  »n  Column  ’ 

V»1975 

•  .0 1  j<Tfi  9  is  •  :  3...  6  *'-om  ’able  3.22. 

t»  1970  n 

t  loluim  10  -eflects  tne  -esult  of  dividing  eacn  -ow  element  of  Column  9  -y  tie 
rfi rst  element  in  tne  -gw  Vve.,  17.3). 

•  CjIj.t»i  11  -effects  tne  ordinal  -antnng  of  tne  elements  of  Column  10. 
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•  1 1 SS  estimates  is  low  because  trie  I  ICS  estimating  tecnnique 
assumes  tnat  "ilitary  XDTSt  expend' t  .-'os  nave  been  excluded 
->om  the  Offic’al  Soviet  defense  3uo  -e: ,  ..n;le 

•  Bill  _ee's  ana  tne  CIA  estimates  are  n • or  because  orccure-ert 
and  some  operating  ( in  addi  tion  to  .vi  1  •  tary  expend!  tures  are 
assured  to  have  seer-  excl  uced  *rcm  C'e  0**' '  ci  al  Soviet  defense  Budcet . 


As  may  also  ee  ooserved  in  "aole  2.22,  tne  relative  ranking  of  tne  var;ous 
baseline  estimates  cnanges  over  time  as  reflected  in  Column  S  ^ which  is  cased 
upon  tne  data  in  Columns  6  and  71  fori  tne  epocn  period  1960-1969  and  in  Column 
11  (which  is  based  upon  tne  data  in  Columns  9  and  101  for  tne  epoch  oeriod  1970- 


1975.  For  example,  during  tne  epoch  pe-'ioo  196G-lJo9,  it  nav  be  observed  that: 

.  ’  a  . 

•  The  CIA  estimates  nave  the  highest  relative  ranking  for  tne  1960 
decade,  as  reflected  in  Column  S; 

•  Stanley  Conn's  estimates  have  a  higher  relative  ranking  -'or  this 
epoch  oerioo  than  for  the  entire  nistorical  perioc  in  Column  5; 
and 

•  The  relative  intensity  ratios  in  Column  '  are  uniformly  lower 
than  those  in  Column  4  which  reflects  the  significantly  1  owe*- 
dispersion  of  the  estimates  of  Soviet  NSt  during  the  first 
epoch  period. 


Similarly, 


during  the  epoch  oeriod  1970-1975  ,  it  'ray  be  observed  that: 


•  The  Chinese  estimates  have  the  iiignest  relative  ranking,  followed 
by  those  of  Sill  Lee  and  the  CIA.  as  reflected  in  Column  11; 

t  The  relative  ranking  of  the  French  estimates  for  this  period 
reflect  the  greatest  decline  when  compared  to  the  relative 
ranking  for  the  first  epoch  period;  ana 

#  The  relative  intensity  ratios  in  Column  10  are  uniformly  nigner 
than  chose  in  Column  4  wnich  reflects  the  significantly  ni oner 
dispersion  of  the  estimates  of  Soviet  NSt  during  tne  second 
epoch  period. 


A  comparison  of  tne  relative  intensity  ratios  in  Columns  '  and  10  *cr  each 
estimation  technique  provides  some  indication  of  the  increased  dispersion  in 
the  estimates  of  Soviet  NS E  from  tne  first  to  t.ie  second  epoc.n  periods.  For 
example,  Stanley  Conn’s  estimates  reflect  a  small  increase  in  tne  relative 
intensity  ratios  as  compared  to  Bill  _ees  esti-a.es,  wnich  reflect  a  "a roe 
increase,  and  the  CIA's,  which  '-e-'lect  a  moderate  ’ ncrease . 
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Obviously,  the  foregoing  summary  ana  descriptive  evaluation  of  tne 
alternative  baseline  estimates  of  Soviet  NSE  snould  oe  sudd! evented  witn 
a  more  rigorous  statistical  evaluation  utilizing  classified  data  and  aoci ::ona 
theoretical  research,  as  outlined  in  Footnote  159. 
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3.0  RESOURCE  ALLOCATION  IMPLICATIONS  'i  SOVIET 
NATIONAL  SECURITY  EXPEND! TURES 

In  this  section  or  the  summary  report,  me  resource  allocation  implica¬ 
tions  of  the  baseline  estimates  of  Soviet  NSE  will  focus  upon  the: 

•  Problem  of  production  function  specification, 

•  Technology  transfer  issue,  and 

•  Analysis  of  the  economic  burden  of  Soviet  NSE. 


3.1  THE  SOVIET  STRATEGY  FOR  ECONOMIC  GROWTH 


Until  recently,  the  Soviet  economic  system  has  reflected  a  classical  stra 
tegy  with  respect  to  economic  nrowth .  This  strategy  has  emphasized  file  maximum 
rate  of  mobilization  of  labor  and  capital  resources  for  industrial  production. 
Centralized  economic  planning  has  enabled  the  Soviet  Government  to: 

•  Generate  high  rates  of  investment, 

•  Transfer  millions  of  workers  from  agriculture  to  industry,  and 

•  Attain  an  impressive  rate  of  economic  and  industrial  growth 
until  the  mid-1960s. 

During  the  last  decade,  the  annual  increase  in  the  supply  of  labor  has 
diminished--which  is  a  trend  that  will  continue  into  the  1980s.  Moreover, 
the  agricultural  sector  no  longer  provides  a  large  reservoir  of  labor  that 
can  be  reallocated  to  maintain  the  previous  rate  of  growth  of  the  industrial 
labor  force.  61  A  description  of  this  classical  growth  strategy  is  provided 
by  Joseph  Berliner  as  follows: 

The  classical  growth  strategy  was  originally  designed  for  a 
society  in  which  levels  of  living  were  extremely  low  and  the 
coercive  apparatus  of  the  state  was  overpowering.  While 
monetary  incentives  have  been  employed  since  the  inception  of 
the  plan  period,  in  the  conditions  or  the  time  relatively  small 
annual  increases  in  consumption  levels  were  thought  to  be 
adequate  to  the  task.  Labor  discipline  was  maintained  by  such 


M.  Feshbach  and  S.  Rapawy,  "Soviet  Population  and  Manpower  Trends  a no 
Policies,"  Soviet  Economy  in  a  Now  Perspecti ve .  Joint  Economic  Comm i* fee 
(JEC)  renort ~  Oc  tober  14,  gages  l  J(3-Tj3  . 
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coercive  means  as  imprisonment  for  excessive  absented sin  m 
lateness  to  work.  With  the  diminution  of  the  extent  or 
coercive  controls  following  the  end  of  Stalin's  rule,  the 
incentive  svstem  was  obi  iced  to  bear  a  creator  tureen  in 
control  lino  the  behavior  or  the  labor  force,  'he  smaller 
the  stick,  the  larger  the  carrot  has  got  to  be"  And  { nefeed , 
per  capita  TTvTnij  level V  have  Been  TTicreasTng  steadily  in 
the  last  two  decades,  following  a  long  period  in  which  t he v 
were  virtually  unchanged.  The  shift  in  the  relative  impor¬ 
tance  of  coercion  and  incentives  may  well  have  been  the 
beginning  of  the  decline  in  the  potency  of  the  classical 
growth  model,  although  it  was  probably  not  recognised  as 
that  at  the  time.  For  when  the  population  becomes  accustomed 
to  expect  increases  in  income  as  the  reward  for  effort  and 
risk-taking,  the  regime  is  increasingly  constrained  m  the 
extent  to  which  it  can  channel  resources  into  investment 
instead  of  consumption .  The  Polish  food  riot  of  1970  is 
widely  regarded  as  the  event  that  drove  home  to  the  leaders 
of  the  U.S.S.R.  the  limits  within  which  they  now  have  to 
operate  in  deciding  on  the  distribution  of  output  between 
investment  and  consumption.  16.1 

In  addition  to  the  increasing  consumption  regui cements  of  the  Soviet  people 
and  as  indicated  in  most  of  the  basel  ine  estimates  presented  in  1  able  7  .77  .  The  level 
of  Soviet  NSE  has  markedly  increased  during  the  period  1960- 19 ’5.  As  a  result, 
the  pressures  exerted  bv  Soviet  consumers  and  the  Soviet  military  establishment 
has  precluded  an  increase  in  the  rate  of  investment  ii.e.«  additions  to  the 
capital  resource)  sufficient  to  offset  the  decline  in  the  growth  rate  of  the 
labor  force  and  to  maintain  the  growth  rate  in  Soviet  dross  National  Product. 

In  addition,  some  recent  empiric  tl  evidence  with  regard  to  the  estimation  ot 
an  aggregate  Soviet  production  function  suggests  that,  even  it  a  sufficient 
increase  in  the  rate  of  investment  were  possible,  it.  is  becoming  increasingly 
more  difficult  to  substitute  capital  for  labor  in  fhe  Soviet,  economy.  lK' 

*"  J.S.  8erliner,  "Prospects  for  Technological  Progress,"  Soviet  Loonomx  jn 
a  New  Perspective.  JEC  report ,  October  14,  19",  page  4?C  v  underl  ini  fig 
added  for  fiighTi gating  purposes). 

M.L.  Wei tr man .  "Soviet  Postwar  Economic  Growth  and  Capi ta I -Labor  Substitu¬ 
tion,"  American  Economic  Review,  September  l‘>?0,  apoes  nGO-667;  and  also 
P.  Oesai,  "Yh’e  Production  Function  and  Technical  change  in  Postwar  Soviet 
Industry:  A  Reexamination American  Loononnc  Review .  dune  l°>.  'able 
page  377.  A  more  recent  review  o»  t  Tils*  Tire  rat  u  re  Is  provided  In  Abram 
Bergson  in  his  "Notes  on  the  Production  Function  and  Soviet  Post-War 
Industrial  Growth,"  Harvard  Institute  of  Economic  Research  discussion 
Paper  Number  650,  September  197,9. 
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proquction  funct:  :n  spec i f i cat iotj 


wo  widely  used  production  functions  whio.’i  are  used  to  represent 
Soviet  economic  growth  are  illustrated  in  Table  3.0. 

Tao 1 e  3.0 


A  Numerical  Illustration  of  the  Cobb:Qougl as 
and  CES  Production  Functions  ^ 
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Sources  of  the  information  presented  in  Table  3.0  are  as  follows: 

•  Columns  2  and  3  are  based  upon  a  numerical  example  provided  by  Steven  Rosefielde. 
East-West  Trade  and  Postwar  Soviet  Economic  Growth:  A  Sectoral  Production  Function 
Approach,  October,  1976,  pace  102. 

•  Column  4  reflects  a  Cobb-Douglas  Production  Function:  GNP.  =  0  where  y  -  l 

is  the  technology  parameter  and  5  =  ,b  is  the  outuut  elasticity  distribution 
parameter.  Implicit  in  this  functional  form  of  the  GNP  production  function  is  a 
unitary  elasticity  of  substitution  between  capital  and  labor  resources. 

•  Column  5  reflects  a  CES  Production  Function:  GNP,  =  >[3K'°  +  (1-3)1*']'^'' 

wnere  y  3  1  is  the  technology  parameter  and  3  -  .5  is  the  output  elasticity 
distribution  parameter.  Explicit  in  this  functional  form  of  tne  GNP  production 
function  is  a  substitution  parameter  (p  -  .5),  which  corresponds  to  an  inelastic 
substitution  between  capital  and  labor  resources  because  a  =  1/(1  +■  '  =  2/3  is 

less  than  unity. 

•  Column  6  is  Column  4  minus  Column  5. 

•  Column  7  is  Column  2  divided  by  Column  3. 

•  Column  3  is  Column  4  divided  by  Column  5. 


The  four  alternative  combinations  of  capital  and  labor  resources  are  identi¬ 
fied  as  points  A,  3,  C,  and  0  in  Column  1  of  Table  3.0.  The  illustrative 
capital  (K)  and  labor  (L)  resources  in  Columns  2  and  3  of  Table  3.0  are 
combined  to  produce  GNP,  by  means  of  tne  Coob-Oouglas  production  function  in 
Column  4--which  implicitly  assumes  a  unitary  elasticity  of  substitution  (i.e., 
j  =  1)  between  capital  and  labor  resources. ^5  As  may  then  be  observed, 

•  At  point  A,  the  levels  of  capital  and  labor  resources  are 
each  equal  to  100  units; 

•  At  point  B,  the  capital  resource  is  increased  by  50  percent 
to  150  units  and  the  labor  resource  is  decreased  by  50 
percent  to  only  50  units,  with  the  result  that  GNP,  in 

Column  4  declines  from  100  units  at  point  A  to  87  units  at 
point  8--which  indicates  that  more  capital  must  be  substi¬ 
tuted  when  there  is  a  50  percent  reduction  in  the  labor 
force  in  order  to  maintain  the  GNP^  at  100  units;  and 

•  At  points  C  and  D,  the  increase  in  the  capital  resource 
and  the  corresponding  decrease  in  the  labor  resource  is 
75  percent  and  99  percent,  respecti vely ,  results  'o  a 
decline  in  GNP,  to  66  and  to  14  units  at  points  C  and  0, 
respecti vely . 


In  order  to  illustrate  the  effects  of  reducing  the  elasticity  of  substi¬ 
tution  between  capital  and  labor  resources  (j)  to  less  than  unity  (i.e.,  the 
inelastic  resource  substitution  case)  with  respect  to  the  GNP,  then  the  more 
general  Constant  Elasticity  of  Substitution  (CES)  production  function  must  be 
used.  For  example, 

•  When  a  =  1,  the  CES  and  Cobb-Douglas  calculations  are 
identical ,  but 

•  When  a  <  1 ,  the  GNP  will  be  less  than  when  a  -  l,  which  is 
illustrated  in  Column  5  of  Table  3.0  where  j  =  2/3,  and  the 
lower  values  of  GNP.,  reflect  the  additional  loss  in  output 
due  to  the  added  difficul ties  in  substituting  capital  for 
labor. 


165  By  way  of  further  explanation,  if  capital  is  increased  by  100  percent  from 
100  to  200  units  at  point  B  while  labor  is  decreased  by  only  50  percent  from 
100  to  50  units,  then  GNP1  =  100  units,  instead  of  87  (as  reflected  at 

Point  B  in  Column  3  of  Table  3.0).  This  ratio  of  the  change  in  capital  by 

100  units  to  the  change  in  labor  by  50  units  to  maintain  GNP,  constant  is 

defined  as  the  marainal  rate  of  substitution  of  capital  for  labor  (i.e., 

MRS).  In  other  words,  the  MRS  =  2  in  order  to  maintain  GNP1  =  100  with  a  new 
capital/labor  ratio  of  (200/50)  ■  4  instead  of  3  (as  reflected  at  Point  3  in 
Column  7  of  Table  3.0).  On  the  other  hand,  the  elasticity  of  substitution 
between  capital  and  labor  is  defined  as  tne  percentage  change  in  tne  capital 
labor  ratio  divided  by  the  percentage  change  in  the  MRS. 
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in  other  words,  the  di  fference  between  GNF,  and GNP}  in  Col  urn  5  is  a  measure  of  tne 
reduction  i  n  GNP  wnen  tne  elasticity  of  resource  substitution  is  reduced  -'rom  -  =  1  to 
j  -  2  3.  In  the  limiting  case  of  completely  inelastic  resource  substitution 
li.e.,  a  =  0),  Column  5  would  indicate  that  GNP,  =  100  at  point  A  ana  GNP,  = 

L  „ 

0  at  points  5,  C,  and  0.  Therefore,  the  closer  that  j  is  to  zero,  tnen  tne 
greater  the  loss  in  output  as  compared  to  the  case  wnerein  j  =  1.  As  may  be 
observed  in  Column  7  of  Figure  3.0,  when  the  capi tal ,  labor  ratio  is  1.0  at 
point  A,  there  is  no  difference  between  GNP^  and  GNP,  in  Column  6.  However,  as 
the  capi tal -labor  ratio  increases  at  ooints  B,  C,  and  D  in  Column  7,  then  tne 
differences  between  GNP,  and  GNP,  in  Column  6  will  result. 

i  2 

Finally,  the  figures  in  Column  3  of  Table  3.0  indicate  the  magnitude  of 
the  technological  change  parameter  which  must  be  used  in  tne  CES  production 
function  in  order  to  compensate  for  a  a  =  2 '3,  instead  of  j  :  1.  As  the 
imbalance  between  the  level  of  capital  and  labor  resources  increases  (i.e., 

K/L  becomes  large),  then  the  productivity  effects  of  new  technology  must  also 
increase.  Therefore,  when  the  capi tal /labor  ratio  is  3  at  point  B,  the  compen¬ 
sating  productivity  effects  of  new  technology  must  be  9  percent.  However,  when 
the  capital /I abor  ratio  at  point  C  more  than  doubles  to  7,  then  the  compensating 
productivity  effects  of  new  technology  must  more  than  triple  to  27  percent. 


3.2.1  Applications  of  Production  Functions  to  the  Soviet  Economy 


Application  of  the  foregoing  production  functions  to  the  Soviet  economy  is  based 
upon  the  following  three  pieces  of  evidence-. 

•  First,  Martin  Weitzman  estimated  that  the  aggregate  value  of 
a  for  the  Soviet  economy  is  between  .274  and  .403.  However, 
as  indicated  in  his  article  cited  in  Footnote  163,  Padma  Oesai 
improved  upon  Martin  Weitzman's  methodology  and  estimated  j  to 
be  .2771. 

•  Second,  the  rate  of  Soviet  investment  has  not  increased  to  offset 
the  reduction  in  the  growth  rate  of  tne  labor  force  but,  as  des¬ 
cribed  by  Joseph  Berliner,  has  actually  declined  in  --ecent  years. 

The  classical  (growth)  strategy  could  nevertheless  be  main¬ 
tained  if  the  rate  of  investment  could  be  augmented  suffi¬ 
ciently  to  offset  the  decline  in  the  growth  of  tne  labor 
force.  Far  from  increasing,  however,  the  growth  rate  of 
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investment  is  also  expected  to  decrease  during  the  next 
5  years,  and  by  an  astonishingly  large  amount.  Capital 
investment,  the  volume  of  which  grew  during  the  last  5 
years  at  the  annual  rate  of  6.9  oercent,  is  scheduled  to 
increase  during  the  next  5  years  at  only  4. 4-4. 7  percent. 

Since  the  growth  rate  of  investment  has  been  declining 
for  some  time,  though  not  at  this  sharp  rate,  the  growth 
rate  of  the  capital  stock  must  be  expected  to  decline  as 
well.  166 

•  Third,  the  productivity  effects  of  new  Soviet  technology  has  not 
compensated  for  the  substantial  inelasticity  of  resource  substi¬ 
tution  (i.e.,  a  a  less  than  one-half)  nor  for  the  lack  of  suffi¬ 
cient  investment  to  replace  scarce  labor  resources.  This  situation 
is  also  summarized  by  Joseph  Berliner  as  follows: 

The  general  conclusion  of  Western  research  on  Soviet  growth 
is  that  technological  progress  has  proceeded  considerably 
more  slowly  there  than  in  the  advanced  capitalist  countries. 

In  the  period  1950-1962,  for  example,  in  the  United  States 
and  in  all  the  countries  of  Western  Europe,  technological 
progress  was  a  more  important  source  of  growth,  and  in  many 
cases  much  more  important,  than  increases  in  labor  and 
capital  inputs.  In  France,  technological  progress  was  the 
source  of  79  percent  of  the  achieved  growth  of  output,  while 
in  Italy  and  Norway  it  accounted  for  78  and  77  percent.  In 
none  of  the  major  countries  did  it  fall  below  50  percent. 

In  the  USSR,  by  contrast,  technological  progress  accounted 
for  only  42  percent  of  the  growth  of  output  during  that 
period.  The  USSR  alone  depended  on  the  classical  growth 
strategy--addi tions  of  labor  and  capital --for  over  naif  of 
its  economic  growth  rate. 

The  new  appreciation  of  the  significance  of  technological 
progress  in  the  promotion  of  economic  growth  offered  the 
Soviet  leaders  an  alternative  strategy  to  the  increasingly 
less  effective  classical  strategy.  If  it  was  no  longer 
possible  to  generate  new  annual  supplies  of  labor  and 
capital  at  the  rate  of  the  past,  the  rate  of  economic  growth 
need  not  decline  if  the  rate  of  technological  progress  could 
be  increased.  That  is,  growth  would  be  generated  not  prima¬ 
rily  by  more  and  more  machines  but  by  better  and  better 
machines.  Quality  of  inputs  would  substitute  for  quantity, 
with  no  less  output  resulting,  it  may  be  hoped.  The  classical 
Soviet  growth  strategy  would  be  replaced  by  what  may  be  called 
the  modern  strategy. 


Op.  C i t . ,  J.S.  8erliner,  "Prospects  for  Technological  Progress,"  page  432. 
167 

P'.,R.  Gregory  and  R.C.  Stuart,  Soviet  Economic  Structure  and  Performance, 
Harper  and  Row,  1974,  page  389")  The  percentages  cited  herein  were  obtained 
'*  by  dividing  "output  per  unit  of  combined  inout"  (Column  5)  by  "output" 
(Column  1)  (underlining  added  for  highlighting  purposes). 
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About  a  decade  aco,  the  Soviet  literature  began  to  devote 
growing  attention  to  the  analysis  of  what  is  called  tne 
scienti  fi  c-tecnnical  •'evolution.  Official  pronouncements 
becan  increasingly  to  stress  tne  importance  of  tecnnol ogical 
orcgress  in  the  management  and  planning  of  the  economy.  ~ne 
Tenth  Five  fear  Plan  is  the  capstone  of  tnis  trend.  Mr. 
Kosygin  has  referred  to  it  as  the  Plan  of  Quality,  a  formula¬ 
tion  that  has  been  widely  picked  up  and  used  to  encapsulate 
the  main  thrust  of  the  plan. 

How  does  one  implement  a  strategy  of  accelerating  technolo¬ 
gical  progress  beyond  the  rates  achieved  in  tne  oast?  Two 
approaches  may  be  identified.  One  is  to  import  large  quanti¬ 
ties  of  foreign  technology  in  those  fields  in  which  it  is  most 
superior  to  domestically  produced  technology,  'he  other  is  to 
find  ways  of  augmenting  the  domestic  rate  of  tecnnological 
progress  beyond  that  achieved  in  tne  past.  Both  approacnes 
have  in  fact  been  adopted.  168 


As  illustrated  in  Column  5  of  Table  3.0,  Soviet  planners  are  confronted 
with  a  situation  in  which  the  institutional  constraints  upon  consumption  ano 
defense  spending  prevent  sufficient  investment  expenditures  to  offset  the  decline 
in  the  growth  rate  of  labor  resources.  In  other  words,  the  production  function 
exhibits  substantial  inelasticity  in  resource  substitution,  so  that  only  signi¬ 
ficant  technological  change  can  resolve  the  problem  of  a  declining  growt.n  rate 
i n  GN  P9 . 


3.3  DEFINITION  OF  THE  TECHNOLOGY  TRANSFER  ISSUE 


Technological  change  may  be  the  result  of  domestic  research  and  development 
efforts,  or  it  may  reflect  the  importation  of  fore i in  technology.  The  importance 
of  international  technology  transfer  to  the  Soviet  economy  nas  been  stressed  by 
Philip  Hanson  as  follows: 

Soviet  policymakers  and  planners  seek  Western  technology  for  the 
obvious  reason  that  the  U.S.S.R.  is  relatively  backward  in  many 
areas,  it  nas  long  been  common  Knowledge  that  there  was  an  East- 
West  civilian  technology  gap.  A  systematic  general  picture  of 
the  extent  and  nature  of  the  Soviet  problem,  however,  is  only  just 
beginning  to  emerge  from  recent  research.  Soviet  top  policymakers 

^  go 

Cp.  Cit.,  J.S.  Berliner,  page  434  ' underl ining  added  for  hignlignting  purposes 
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themselves  have  probably  begun  to  grasp  many  aspects  of  the 
problem  only  over  the  past  fifteen  years  or  so,  and  this  is 
reflected  in  policy  changes  over  transfer  from  the  West... 

The  usual  view  is  that  there  was  a  more  or  less  abrupt  snift 
at  some  point  in  the  late  1960s  towards  a  greater  emphasis  on 
large-scale  commercial  imports  of  Western  machinery  and  know¬ 
how;  in  other  words,  towards  what  I  have  termed  "negotiable" 
technology  transfer  from  the  West.  Some  writers  have  gone  on 
to  argue  that  this  shift  in  trade  policy  was  a  major  Soviet 
motive  for  seeking  detente  with  the  West. 


The  phrase  "technology  transfer"  must  distinguish  between  vertical  transfer 
between  stages  of  the  product  cycle  and  horizontal  transfer  between  places  or 
institutions  at  a  given  stage  of  the  product  cycle  (i.e.,  the  applied  research 
stage,  the  development  stage,  or  the  production  stage).  International  technology 
transfer  is  vertical  "when  Western  research  results  or  technical  documentation 
are  used  in  Soviet  development  and  design,  or  a  Western  product  is  treated  as 
a  prototype  and  'reverse  engineered'  (copied)  for  Soviet  production". On  the 
other  hand,  a  horizontal  transfer  of  international  technology  occurs  when  a 
chemical  plant  built  in  the  USSR  by  a  Western  contractor  incorporates  processes 
already  designed  into  Western  plants.  Other  significant  definitions  in  the  dis¬ 
cussion  of  technology  transfer  are  as  follows: 

•  Embodied  transfer  is  the  transfer  of  technology  incorporated  in 
design  of  products,  especially  machines; 

•  Disembodied  transfer  refers  to  useful  technical  knowledge  trans- 
mitted  by  persons  or  documents; 

•  Acquisition  transfer  involves  the  transmittal  of  material  and 
design  information  with  regard  to  a  new  technology; 

•  As si  mi  1  at  ion  transfer  refers  to  the  capacity  of  an  economy  to 
diffuse  an  imported  technology  in  domestic  production  processes 
after  it  has  been  acquired; 

•  Nonnegotiable  channels  of  technology  transfer  involve  the 
perusal  of  Western  technical  literature  and  patents,  industrial 
espionage  and  the  reverse  engineering  of  single  imported 
machines  or  components,  and  occasional  visits  of  scientists, 
technologists,  technicians,  and  managers;  and 


^  9  Philip  Hanson,  "International  Technology  Transfer  from  the  West  to  the 

U.S.S.R.,"  Joint  Economic  Committee  report,  Soviet  Economy  in  a  New  Perspec 
ti ve ,  October  1976  ,  pages  791-792. 

170  Ibid.,  page  787. 
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•  :  ao  :  e  channels  of  technology  transfer  wnicn  are  :eneralh 

«uni''  fne  control  of  governments  incluce  -'ecular  visits  bv 
scientists,  technologists  and  others,  tne  training  of  "anaoers 
and  operators  in  a  foreign  country  or  Oy  visitors  free;  abroad, 
substantial  imports  of  machinery,  licenses,  and  know-now;  and, 
direct  foreign  investment  as  well  as  industrial  cooperation.  - 


Reliance  upon  embodied  technology  transfer  requires  support  from  tne 
domestic  researen  and  development  (RiD)  sector,  or  it  must  also  be  accompanied 
by  some  oisempodied  technology  transfer.  This  resource  allocation  trade-off 
between  domestic  and  foreign  sources  of  support  in  order  to  assimilate  the 
transferred  technology  after  it  has  been  acquired  is  described  by  Philip  Hanson 
as  follows: 


If  a  technology  is  transferred  as  know-how,  blue-prints,  etc. 
without  the  actual  hardware  that  embodies  that  technology,  a 
substantial  contribution  will  probably  oe  needed  from  tne 
domestic  R  and  0  sector  before  the  new  product  can  actually  be 
produced  or  the  new  process  used. 

Buying  in  the  necessary  hardware  (embodied  diffusion)  will 
generally  reduce  the  domestic  R  and  D  outputs  required,  but  it 
will  usually  have  a  higher  balance-of-payinents  cost.  In  tne 
Soviet  case,  the  mix  of  embodied  and  disembodied  transfer  which 
the  planners  should  choose  is  therefore  likely  to  vary  over  time 
and  between  sectors  of  the  economy.  It  snould  depend  upon  their 
assessments  of  three  things: 

•  the  capabilities  of  their  R  and  0  sector  in  a  particular  field, 

•  the  balance  of  payments,  and 

•  the  prospects^for  product  payback  in  the  industry  being 
considered. 


3. d  "HE  ECONOMIC  BURDEN  CONCEPT 

"he  concept  of  the  economic  burden  of  Soviet  national  security  expendi¬ 
tures  is  based  upon  the  principle  of  opportunity  cost.  Inasmuch  as  economic 
'•“sources  are  limited,  then  the  allocation  of  a  significant  snare  of  tne  ON0 
to  national  security  will  limit  an  economy  *rom  the  standpoint  of  attaining  a 

"l  Ibid.,  pace  78S. 

172  Ibid. 
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higner  level  of  consumption,  or  a  more  rapid  growth  rate  on  the  basis  of 
investment,  or  both.  In  essence,  this  is  the  basis  for  the  need  to  define 
and  develop  more  credible  methods  and  techniques  for  estimating  tne  Soviet 
allocation  of  resources  in  its  economy.  The  concept  of  opportunity  cost 
presumes  the  full  and  efficient  utilization  of  resources.  In  this  context, 
Stanley  Cohn  has  identified  the  following  four  possible  approacnes  to  the 
estimation  of  the  Soviet  defense  burden: 

•  Comparison  of  trends  in  the  prooortions  of  GNP  devoted  to 
the  principal  end  uses  of  national  product  ii.e.,  consump¬ 
tion,  investment,  and  defense'; 

•  Regression  analysis  of  possible  trade-offs  between  selected 
defense  expenditures  and  appropriate  civilian  analogues; 

•  Analysis  of  the  competing  uses  of  resources,  as  revealed  in 
an  input-output  matrix;  and 

•  Determination  of  possible  competitive  claims  for  scarce 
human  inputs.  173 


The  first  of  the  foregoing  approaches  to  the  analysis  of  the  Soviet  defense 
burden  (i.e.,  the  ratio  of  defense  expenditures  to  GNP)  is  explored  in  some 
detail  in  Appendix  A  of  this  summary  report.  This  methodology  is  the  easiest 
to  implement,  but  the  estimated  budgetary  costs  of  defense  spending  may  not_ 
coincide  with  the  opportunity  costs  of  Soviet  NSE  because  some  costs  are 
implicit  (e.g.,  conscripts  absorb  some  of  the  actual  personnel  and  maintenance 
costs  that  would  be  otherwise  reflected  as  expl ici t  budget  costs  in  a  a 1 1  - 
volunteer  military  manpower  system).  In  addition,  Soviet  pricing  practices 
do  not  generally  reflect  relative  scarcities,  so  the  other  three  approaches 
to  the  estimation  of  the  Soviet  defense  burden  must  also  be  considered. 


The  second  approach  was  used  extensively  by  Stanley  Cohn  in  his  Daper 
which  is  cited  in  Footnote  173  and  will  not  be  reviewed  herein.  The  third 
approach,  which  was  utilized  by  Steven  Rosefielde  in  a  recent  GE-TEMPO  draft 
report,  is  reviewed  in  detail  in  Appendix  B  of  this  summary  report.  In 

this  approach,  the  input-output  analysis  of  Soviet  defense  burden  is  extended 

- - 

4  S.H.  Cohn,  "Economic  Burden  of  Defense  Expenditures,"  toviet  Economic 
Prospects  for  the  Seventies,  Joint  Economic  Committee  report,  June  C' , 

1973,  page  147. 

Steven  Rosefielde,  A  Preliminary  Net  Assessment  of  tne  Civilian  Labor  Force 
Devoted  to  the  Production  of  Defense  Goods"  in  the  United  States  ana  tne~ 
Soviet  Union,  GE-TEiMFO  draft  report,  GE  76  TMP-546,  October  19/7. 


on ,  a  new 


to  tne  capita',  as  well  as  to  the  laDor,  resource.  In  aaditi 
surrogate  methodology  is  presented  in  Appendix  3  *'cr  tne  purpose  of  i -pi e-erf' no 
tne  -'ourtn  aorrcacn  to  tne  estimation  of  tne  Soviet  defense  burcen.  Inasmuch 
as  tne  Soviet  civilian  laoor  *'orce  can  be  distributed  o y  skill  category  as  .ve’l 
as  oy  sector  of  enal oyment ,  t.nen  sectoral  burden  ratios  -"ay  be  calculated  for 
eacn  skill  category.  In  tne  same  way,  the  Soviet  stock  of  fixed  and  working 
capital  may  be  distributed  oy  durability  category  as  well  as  by  sector  of 
employment .  Therefore,  sectoral  burden  ratios  may  also  be  calculated  for 
buildings  and  structures,  machinery  and  equipment,  and  total  inventories  as 
distinct  durability  categories  of  the  Soviet  capital  stock.  Moreover,  tne 
resource  allocation  incidence  oattern  during  time  period  1966-1971  for  each 
sectoral  burden  ratio  may  also  be  determined. 


'he  series  of  experiments  described  in  Appendices  A  ana  3  are  concerned 
with  tne  historical  time  period  associated  with  tne  baseline  methodology  estimates 
in  "able  2.33;  i.e.,  1960-1975  in  Appendix  A  and  1966-1971  in  Appendix  B.  By 
contrast,  c.ne  ex  ante  resource  allocation  analysis  of  the  estimated  level  of 
Soviet  NSE  described  in  Appendix  C  is  concerned  with  the  projected  time  period 
1976-1985.  This  requires  the  use  of  an  econometric  model  to  provide  an  abstrac¬ 
tion  of  the  basic  components  of  the  Soviet  economy.  Fortunately,  a  relatively 
simple  model  for  this  purpose  has  been  recently  developed  by  Hans  Bergendorff 
and  Per  Strangert.  This  model  consists  of  the  following  four  branches; 

•  Industry, 

•  Agriculture, 

•  Construction,  and 

•  Transport  and  Communication , 

with  the  Gross  National  Product  distributed  among  the  Consumption,  Investment , 

175 

and  Defense  spending  categories.  '  The  model  calculates  Derense  spending  on  tne 
bas’S  of  an  exogenously  determined  growth  rate,  while  the  Consumption  and 
Investment  categories  are  calculated  on  the  basis  of  tne  following  three  alter¬ 
native  experimental  conditions: 

•  ConsumDtion  is  exogenous,  but  Investment  is  endogenously 
determined  as  a  residual; 


H.  3ergendcr*f  and  P.  Strangert,  "Projections  of  Soviet 
Defense  Spending,"  Soviet  economy  in  a  New  Perspective, 
Committee  report,  Cctcoer  .a,  1975',' Vages_3i?AT7IjO . 
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•  Investment  is  exogenous,  but  Consumption  is  endogenously 
determined  as  a  residual  ;  and 

•  Both  Consumption  and  Investment  are  endogenously  determined 
with  their  shares  of  non-defense  gross  national  product 
provided  exogenously. 


For  each  of  these  experimental  conditions,  the  following  resource  allocation 
experiments  were  conducted  for  the  purpose  of  examining  the  impacts  of  a  given 
rate  of  growth  of  Soviet  NSE: 

•  The  Cobb-Oouglas  production  function  with  an  elasticity  of 
substitution  of  unity  is  initially  estimated  for  each  of 
the  four  branches  of  the  model  previously  identified.  The 
industrial  branch  is  then  re-estimated  with  a  Constant 
Elasticity  of  Substitution  (CES)  production  function  with 
an  elasticity  of  substitution  of  one-half. 

•  New  technology  is  introduced  into  the  industrial  production 
function  on  the  basis  of  domestic  research  and  development 
or  foreign  technology  transfer.  This  productivity  effect 
(i.e.,  Hicks  neutral  technological  change)  has  resource  allo¬ 
cation  implications  for  a  given  rate  of  growth  in  Soviet 
defense  expenditures . 

•  The  share  of  Soviet  GNP  that  is  devoted  to  defense  spending  is 
changed,  and  the  resource  allocation  impacts  are  then  examined. 

•  The  sectoral  composition  of  Soviet  defense  spending  between  the 
industrial  and  construction  sectors  is  changed  in  order  to  examine 
the  impacts  upon  resource  allocation  when  the  given  growth  rate  of 
Soviet  NSE  changes. 

Utilizing  the  three  sets  of  alternative  experimental  conditions  previously 
identified,  H.  Bergendorff  and  P.  Strangert  have  performed  the  foregoing  three 
resource  allocation  experiments  which  actually  constitute  nine  experiments 
(i.e.,  three  sets  of  experimental  conditions  and  three  resource  allocation  exper¬ 
iments).  These  experiments  are  reviewed  and  illustrated  in  detail  in  Appendix 
r  176 


Although  the  technology  transfer  issue  and  the  production  function  speci¬ 
fication  problem  may  be  illustrated  by  .means  of  the  simple  Bergendorff-Strangert 


176 

Since  the  rate  of  growth  of  Soviet  NSE  for  the  projected  time  period  1976-1985 
is  an  exogenous  parameter  in  the  Bergendorff-Strangert  model,  then  each  of  the 
baseline  methodology  estimates  in  Table  2.22  may  be  evaluated  in  terms  of 
its  available  rate  of  arowth  for  the  historical  period  19G0-1975.  however, 
the  rates  of  growth  for  the  epoch  periods  1960-1969  and  19 70- 19 75  in  Table 
2.22  are  used  in  Appendix  C  to  define  a  trade-off  range  for  the  growth  rates 
of  Soviet  NSE  in  the  projection  period  1976-1985. 
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model  ,  tie  -"ore  sopnisticated  Soviet  Eccnometr-'c  Mccel  ' SCVMOO  III  cevelope: 
3y  t  h  0  S 1 3  n  3  •  ■ ?es63-'ch  Institute  vtc  -vh3’“ton  iccr.oret'''  c  r  ^  rs  c  3  s  t  i r'  3 
Associ  ates*'  ,5°.  I  - E  -  A '  is  really  more  2.  or:c-”'  ace  .  By  way  0-:  comparison 
.*itn  toe  3ergenaor*'-5tranaert  mode ,  tne  SRI-w'EFA  ~cce'  tonsists  the 
fo 1 1  ow  ’  n  g  six  branches: 

•  Aggregate  Industry, 

•  Agriculture, 

•  Construction , 

•  Transport  and  Communication , 

•  Domestic  Trace,  and 

•  Government  and  Services."" 


O*  tnese,  tne  Aggregate  Industry  oranch  is  further  di saggregated  ;nto  tne 
following  twelve  sectors: 

•  Electroenergy, 

•  Coal  Products, 

•  Petroleum  Products, 
t  Ferrous  Metallurgy, 

•  Mon  ferrous  Metallurgy, 

•  Chemicals  and  Petrochemical s , 

•  Machine-Building  and  Metalworking, 
t  Forest  Products , 

•  Paper  and  Pulp , 

•  Construction  Materials, 

•  Soft  Goods,  and 
t  Processed  Foods. 

Similar  to  the  Bergendorf f-Strangert  model,  SOVMOD  III  distributes  the 
Soviet  Gross  National  Product  into  various  end-use  categories  (i.e.,  Consump¬ 
tion,  Investment,  Defense,  and  Mondefense  Governmental  spending} .  however,  as 


1"  D.  Green  and  H.  Levine.  ~he  SRI-w£FA  Soviet  £cencretr"c_v'ecel  :  -base  "'roe 
Documentation,  Volume  II,  Stan'fora  Researcn  institute,  Technical  Mote  5SC- 


TM-3970-c,  Jctooer’  19 76  . 

Do.  C i t .  ,  D.  Green  ana  H  _ 

-hose  Three  Documentation.  Vo  1  -me  "Tac'nni  o'a'i  Mote  SsD-TV-3?JD-5 .  'Ta\ 
13?/ ,  pace  2 . 


nc  _ 

1  Do.  C i t .  ,  D.  Green  ana  H.  Levine,  Tne  SRI-wEFA  Soviet  -conjmetr-:  Mece  : 
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discussed  in  detail  in  Apoendix  C,  tne  SR  I  -  WEFA  model  provides  a  -ucn  -icier 

compilation  of  alternative  experimental  conditions  tnan  t re  :n-ee  previously 

oescrioed  for  tne  Bergendorf f-Strangert  mode’.'  ^  As  a  -aster  -‘act,  - 

HI  .nas  oeen  utilized  oy  Donald  Green  and  Herbert  _evine  to  toncuct  -ore 

'  “0 

socnisticated  analyses,  such  as  that  of  tne  tecnnology  transfer  issue. 
results  of  this  analysis  are  summarized  as  ollows: 


In  an  attempt  to  quantify  the  gains  from  tecnnology  transfer, 
there  are  clear  advantages  to  focussing  on  imported  machinery 
and  equipment.  Macnines  imported  from  nations  more  tecnnologi- 
cally  advanced  can  shift  a  domestic  production  function  upward 
in  three  different  ways: 

(1)  directly  through  higher  productivity  in  domestic  production; 

(2)  indirectly  through  use  in  the  production  of  more  efficient 
domestic  machinery;  and 

(3)  even  more  indirectly  through  the  transmission  of  information 
which  results  in  a  higher  domestic  level  of  technology. 

In  order  to  estimate  the  contribution  of  imported  machinery  to 
Soviet  industrial  production,  we  first  construct  a  measure  of 
foreign  capital  from  Soviet  import  data,  and  use  that  measure  to 
disaggregate  the  capital  stock  into  foreign  and  domestic  cate¬ 
gories.  Production  functions  are  then  estimated  witn  three  factors 
of  production:  labor,  foreign  capital,  and  domestic  capital.  We 
assume  that  each  imported  machine  carries  potential  information 
which  may  raise  the  level  of  Soviet  technology.  Given  a  constant 
expenditure  of  internalization  effort  (analysis  and  diffusion)  per 
unit  of  imported  machinery,  the  level  of  domestic  technique  will 
depend  upon  current  and  oast  levels  of  machinery  imports.  When 
one  estimates  the  "contribution"  to  output  of  the  marginal  foreign 
machine,  there  are  two  components  to  the  marginal  productivity: 

•  one,  a  direct  measure  of  productivity,  and 

•  two,  its  contribution  to  the  productivity  of  domestically 
produced  machinery. 

If  this  "learning"  component  is  significant  then  we  ought  to 
find  the  marginal  productivity  of  foreign  capital  estimated  in 
a  production  function  to  be  higher  than  what  one  might  judge 
reasonable  for  direct  productivity  relative  to  domestic  capital, 
and  that  is  exactly  what  our  preliminary  econometric  results 
suggest.  However,  these  data  do  not  take  into  account  additional 
costs  to  the  use  of  foreign  machinery. 


;/  Ibid.,  Volume  II,  pages  3-4,  which  describes  eight  alternative  switch 
condi tions--each  of  which  consists  of  an  alternative  experimental  con¬ 
dition.  Switch  conditions  2,  4,  and  5  correspond  to  the  experimental 
conditions  associated  with  the  Bergendorff-Strangert  model. 

t 

iou  D.W.  Green  and  H.S.  Levine,  "Macroeconometri c  Evidence  of  the  Value  of 
Machinery  Imports  to  the  Soviet  Union,"  reproduced  in  Soviet  Science  ana 
Technology:  Domestic  and  Foreign  Perspectives,  ecited  by  u.R.  Thomas  ana 
U.M.  Xruse-Vaucienne,  George  Washington  University,  Washington,  D.C., 
1977,  pages  394-J.  12 . 
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payoff  to  t  no  i  aipertat  i  on  of  ’omen  tecnncl oov  tnan  -i  jtit  nave 
been  assumed  room  the  qua  1 i t at i ve-ana ly 1 1 ca !  and  anoijor.il  litera¬ 
ture  (both  Western  and  Soviet)  on  the  Soviet  economy.  *81 

•  he  "apparent  contradict  ion"  between  the  aucrooconomii  ev  i pence  jo  ••'aim  no,  to 
Soviet  assimilation  or  Western  technology  and  the  ■ ac roecciomi c  evi  lence 
provided  bv  S0VM00  111  is  attributed  to  "omitted  costs,"  wnicn  are  explained 
as  follows  by  Donald  ureen  and  Herbert  Levine: 
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linear  form... 

However,  the  process  or'  teennoloev  transfer  involves  additional 
expenditures  or  domes t u  resources  yparf tcularlv  skilled  manpower 
as  well  as  supplementary  payments  tor  technical  assistance  from 
abroad.  Un  rctunate  ly ,  these  expenditures  at  the  aggregate  level, 
at  least  those  involving  domestic  resources ,  cannot  be  observed.  183 


Althouoh  it.  may  not  be  possible  to  completely  resolve  this  "apparent  contra¬ 
diction"  until  a  surroqate  met.hodolooy  is  developed  to  estimate  t.ne  "omitted 
costs,"  it  is  possible  to  examine  the  specification  ot  the  production 
functions  which  ire  used.  Inasmuch  as  the  sectoral  production  functions 
assumed  a  unitary  elasticity  of  substitution  yi.e..  a  Cobb-Dounlas  specifica¬ 
tion),  only  the  following  sectors  are  involved  in  the  technology  transfer 


experiment : 

•  Petroleum  Products, 

•  Chemicals  and  Petrochemicals ,  and 

•  Machine-Building  and  Metal-Working. 

It  should  be  noted  that  foreign  and  domestic  categories  of  stock  are 
introduced  separately  as  factors  of  production,  decent  econometric 
evidence  suooests  that  me  elasticity  of  substitution  is  about 
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1  Q« 

for  the  Chemicals  and  Petrochemical s  sector.  1  Only  the  Macnine-6ui Iding 

and  Metal -Working  sector  has  an  estimated  elasticity  of  substitution  close 

to  unity  which  justifies  the  use  of  the  Cobb-Douglas  specification,  however, 

tne  Constant  Elasticity  of  Substitution  (CES)  production  function  would  De 

more  appropriate  for  the  Petroleum  Products,  as  well  as  the  Chemicals  and 

135 

Petrochemical s ,  sectors.  Therefore,  an  expansion  of  the  CES  production 
function  specification  to  provide  a  short-run  "variable  elasticity  of  sub¬ 
stitution"  form,  which  reduces  to  the  CES  specification  in  the  long-run, 

136 

is  presented  in  detail  in  Appendix  C. 


This  generalization  of  the  Cobb-Douglas  production  function  may  be 
summarized  in  terms  of  the  alternative  experimental  conditions  to  be  imposed, 
to  include  a  general  case  and  three  special  cases--the  latter  of  which  reflect 
setting  the  capital-labor  adjustment  parameter  to  zero,  setting  the  competi¬ 


tive  wage  adjustment  parameter  to  unity,  or  setting  both  to  zero  and  unity, 
187 

respectively.  These  four  cases  are  briefly  described  as  follows: 


Steven  Rosefielde,  East-West  Trade  and  Postwar  Soviet  Economic  Growth: 
Sectoral  Production' Function  Approach,  October  1  ,  1976  ,  Table  A4.~t-l,_i 


In  this  analysis.  Fuels  (a  =  .5323),  Chemicals  (o  =  .2831),  and 


Machinery  and  Equipment  (a  =  .9998) 
SRI-WEFA  sectoral  definitions. 


are  reasonably  close  to  the  corresponding 
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The  basis  for  the  Cobb-Douglas  specification  is  explained  by  D.W.  Green  in 
"The  Microfoundations  of  Soviet  Production  Functions:  An  Engineering  Approach, 
SRI  Working  Paper  No.  45,  April  197*.  Data  for  the  Machine-Building  and 
Metal-Working  sector,  which  is  a  ve.y  special  case,  was  used  to  evaluate  the 
Cobb-Douglas  versus  the  CES  specification.  Other  methodological  criticisms 
of  this  working  paper  are  presented  in  Appendix  C. 


Karl  W.  Roskamp,  "A  Generalized  Production  Function  for  West  German  Industries 
Wei twi rtschaftl iches  Archiv,  Band  112,  Heft  4,  1976,  pages  749-753. 

187 

°  In  order  to  use  these  alternative  production  functions  in  the  SRI-WEFA  SOVMOD 
III  specifications,  a  linearized  form  using  Taylor's  formula  and  disregarding 
terms  of  third  and  higher  orders  is  required.  However,  this  linearization 
for  the  CES  specification  has  already  been  performed  by  J.  kmenta  in  "On 
Estimation  of  the  CES  Production  Function,"  International  Economic  Review, 
Volume  S,  No.  2,  June  1967,  pages  180-1S9.  The  linearization  for  the  three 
special  cases  is  presented  and  related  to  the  engineering  approach  originally 
adopted  by  SRI-WEFA  in  SOVMOD  III  in  Appendix  C  of  this  report. 
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•  The  conventional  CES  production  function,  wnicn  presumes  trat 

the  wages  paid  to  Soviet  workers  reflect  tne  •"a-'ginal  product i v’ t.. 
of  labor  principle  and  that  the  caci ta labor  ratio  nas  ''rpletel/ 
adjusted  to  correspond  with  the  wage  rate  *  :r  eacn  v-e  per'  cc. 

In  tne  oeneral  case,  there  is  a  competitive  wage  rate  adjustment 
parameter,  as  well  as  a  capi tal -1 abor  adjustment  parameter,  wnicn 
must  be  set  to  unity  and  zero,  respecti vely ,  in  order  to  produce 
tne  conventional  CES  production  function.  By  permitting  these  two 
adjustment  parameters  to  assume  otner  values,  a  two-fold  family  of 
first-degree  homogeneous  production  functions  will  result. 

•  The  "Bruno  production  function,"  which  results  when  tne  capital- 
labor  ratio  adjustment  parameter  is  not  equal  to  zero,  but  the  wages 
paid  to  Soviet  workers  are  still  assumed  to  reflect  the  marginal 
productivity  of  labor  principle.  In  other  words,  the  competitive 
wage  rate  adjustment  parameter  is  still  set  equal  to  unity. IBS 

This  case  takes  into  consideration  the  existing  sociological, 
organizational  ,  and  technological  rigidities  wnicn  are  character' Stic 
of  tne  Soviet  production  process.  In  the  long-run,  the  Soviet 
capi tal -1 abor  ratio  for  each  sector  may  adjust  to  its  neoclassical 
production  theory  value  and,  in  this  context,  tne 

-  Capi tal -labor  ratio  adjustment  parameter  will  converge  to 
unity,  and 

-  "Short-run  Bruno  production  function"  with  a  variable 
elasticity  of  substitution  will  converge  with'  the  "long-run" 

CES  production  function  with  a  constant  elasticity  of 
substitution. 

Of  course,  if  this  constant  value  is  unity,  then  the  Cobb-Oouglas 
production  function  becomes  an  additional  special  case--whicn  is 
the  specification  currently  being  applied  by  SRI-WEFA  in  the 
SOVMOD  III  production  function. 

•  The  case  wherein  the  capi tal-labor  ratio  adjustment  parameter  is 
equal  to  zero,  but  the  competitive  wage  rate  adjustment  parameter 

is  not  equal  to  unity,  which  takes  into  consideration  the  distortions 
in  remuneration  to  labor  caused  by  the  intervention  of  Soviet  autho¬ 
rities.  In  a  market  economy,  sucn  distortions  would  reflect  monopoly 
and  monopsony  power  but,  in  the  Soviet  production  process,  it  reflects 
the  exercise  of  political  power.  Although  it  is  assumed  that  the 
capi tal -1 abor  ratio  will  adjust  in  line  with  the  non-competitive  wage 
rate,  this  is  not  generally  a  realistic  assumption. 


1 
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I 
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The  "Bruno  production  function,"  which  is  niqnlignted  in  Appendix  C  and 
is  often  referred  to  as  a  Variable  Elasticity  of  Substitution  (VESl 
production  function,  is  described  in  a  somewhat  different  form  by  Marr 
Nerlove  in  nis  article  on  "Recent  Empirical  Studies  of  tne  CES  and  Related 
Production  Functions,"  in  The  Theory  ana  E”cir'ca'  Analysis  r-~  ^ . 

edited  by  Murray  Brown,  National  Bureau  o*  economic  Research  Stuoi es  'n 
Income  and  Wealth,  Volume  31,  New  Yorx,  1967.  pages  '5-”.  "'e  Technical 

derivation  of  tnis  function  is  provided  by  Yao-cni  '-u  and  Lennian  o.  .ec^oe'- 
in  "A  Generalization  of  tne  CES  Production  Function."  The  Reviewer  ucoivmi^s 
and  Statistics,  Volume  50,  Number  A,  November  1968,  pages  JZ9-A5C. 
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•  The  case  wherein  the  capi tal - 1 abor  ratio  adjustment  parameter 
is  not  equal  to  dero,  and  the  competitive  wage  rate  adjustment 
parameter  is  not  equal  to  unity,  which  reflects  a  general 
situation  that  takes  into  consideration  both  the  rigidities 
of  the  Soviet  production  process  and  the  exercise  of  political 
power  to  manipulate  the  wages  paid  to  the  labor  force. 

The  foregoing  cases  define  the  basic  experimental  conditions  wherein  the 
Green/Levine  technolooy  transfer  experiment  may  be  reiterated.  A  more  general 
speci fication  of  the  demand  equations  for  Soviet  imports  of  macninery  are 
provided  in  Appendix  C. 

3.5  AN  EX  POST  RESOURCE  ALLOCATION  ANALYSIS  OF  ThE  ESTIMATED  LEVEL  OF 
SOVIET  NATIONAL  SECURITY  EXPENDITURES 

The  remainder  of  Section  3.0  is  devoted  to  a  discussion  of  the  various 
resource  allocation  experiments  described  in  Appendices  A,  B,  C,  and  D  of 
Volume  II.  These  experiments  examine  the  resource  allocation  implications 
of  the  various  estimates  of  Soviet  defense  expenditures  presented  in  Table 
2.22.  Appendices  A  and  B  are  concerned  with  an  ex  post  resource  allocation 
analysis  of  the  alternative  baseline  estimates  by  examining  the  decomposition 
of  Soviet  Gross  National  Product  (GNP)  by  end-use  categories  and  by  sector 
of  origin ,  respectively  ,  for  the  historical  period  1960- 1975.  Inasmuch  as  the  decom¬ 
position  of  GNP  by  end-use  categories  (e.g..  Consumption,  Investment,  Defense, 
and  non-defense  Government  Spending)  requires  only  an  estimation  of  the 
magnitude  of  Soviet  NSE,  it  is  therefore  possible  to  examine  the  quality  of 
all  the  baseline  methodologies  as  described  in  Appendix  A--given  alternative 
hypotheses  with  regard  to  "undetected"  versus  "hidden"  levels  of  Soviet 
defense  spending  in  the  Soviet  GNP  accounts. 

3.5.1  Resource  Allocation  Experiments 


Twenty  resource  allocation  experiments  are  defined  in  Table  A-6  of 
Appendix  A.  These  experiments  reflect  alternative  assumptions  with  regard  to 
the  magnitude  of  undetected  Soviet  NSE  that  must  be  added  to  the  National 
Income  Accounts  "residual"  in  each  time  period.  A  certain  percentage  of  this 
undetected  Soviet  defense  spending  may  be  added  directly  to  GNP  with  the 
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regaining  percentage  hidden  among  the  Consumption,  Investment,  and 
Administrative  lovernmental  expenditure  categories.  these  conditions  nay 
oe  observed  by  expressing  the  end-use  distribution  of  Soviet  GNP  for  each 
time  period  in  the  original  National  Income  Accounts  as  follows: 

GNpt  -  Ct  ♦  It  *  At  +  0t.  '48) 

The  same  type  of  end-use  distribution  associated  with  tne  i th  baseline 
methodology  in  Table  2.22  may  then  be  expressed  as  follows: 


+  I.*  +  A. .  4-  D. , 
it  it  l  .  • 


(49) 


As  may  be  observed,  Equations  (43)  and  (49)  correspond  to  Equations  (A- 1) 
and  (A- 10),  respectively,  in  Apoendix  A,  and  tne  rel ationships  between  each 
te^m  in  Equations  (48)  and  (49)  ray  be  summarized  as  follows: 


G,NPit 

=  1 

GNPt  + 

O 

if) 

Cit  = 

Ct 

"  X  ic“it ’ 

(51) 

‘it  = 

‘t 

(52) 

Ait  = 

At 

-  AiA,it,  and 

(53) 

°it  = 

Dt 

+  “if 

(54) 

In  this  context, 


•  0  represents  the  original  National  Income  Accounts 
"residual"  associated  with  Soviet  defense  spending, 

•  oj-t  represents  the  magnitude  of  undetected  Soviet  defense 
spending  associated  with  0^  in  Equation  (54),  1S9  and 

•  The  percentage  of  t  that  may  be  added  to  GNP  in 
Equation  (50)  is  represented  by  ( L-\  .  .-A • ,-v  .  ) ,  where 

1  J.  1 A 

A.,.,  A  .  _ ,  and  A.,  are  the  percentaaes  of  w..  hidden  among 

TOIL  1A  1  c 

the  C^,  1 1 ,  and  A*  categories  as  reflected  in  Equations  (51), 
(52),  and  (53),  resoecti vely . 


1QQ 

Inasmuch  as  *>.*  may  be  either  positive  or  negative,  then  it  is  actually  a 
measurement  error  term  which  may  be  used  to  resolve  the  discrepancy  between 
0.t  (i.e.,  the  estimated  level  of  Soviet  defense  spending  associated  with 
the  ith  baseline  methodology)  and  Qt  (i.e.,  tne  residual  amount  of  GNP. 
available  to  cover  Soviet  defense  spending)  in  Equation  (54).  In  Table 
A-3,  theTS^-g  terms  are  all  nonnegative,  which  reflects  alternative 

hypotheses  with  respect  to  undetected  Soviet  defense  soending  in  1970, 
and  are  incoroorated  in  the  testing  methodology. 


By  substituting  Equations  ( 5 1 ) - (54 )  into  Equation  (49),  GNP .  may  be 
restated  as  follows: 


GNP . 


1 1 


V 


"X  ic'x  i  r*  i.v 


i  t 


(55 ) 


where  (C£  +  I£  *  &  )  is  the  ori gi nal  "non-defense" 
share  of  GNP£  in  Equation  (48),  D£  is  the  ori qinal 

"defense"  share  of  GNPt,  and  ( 1-*  i  .  -\  iA)coit  is  that 
percentaae  of  the  "undetected"  Soviet  defense  spending 
that  is  not  "hidden"  among  the  other  end-use  categories 
and  must  be  added  to  the  original  estimate  of  GNP  . 


Since  the  magnitude  of  ( l-\ reflects  the  relative  importance 
of  both  polar  case  explanations  for  the  discrepancy  between  D-t  and  D*  in 
Equation  (54)  (i.e.,  some  Soviet  defense  spending  is  "undetected"  or  is 
"hidden"  in  other  end-use  categories),  then  tne  fundamental  principle  upon 
which  the  ex  post  resource  allocation  experiments  in  Appendix  A  are  based 
may  be  illustrated  in  Figure  3.0.  However,  this  requires  that  Equation  \55) 
be  converted  to  a  unit  sum  as  follows: 


1=  (Ct 


+  I. 


NTT 


1'xic‘xirS-A) 


i  t 


GNP. 


i  t 


it 


i  t 


(56) 


with  each  ratio  of  this  sum  plotted  as  shown  on  the  unit 
simplex  of  Figure  3.0 ;  i.e.,  the  (Dt/GHP. £ )  ratio  is 

represented  by  the  line  aa  and  the  (Ct  +  It  +  A  )/GNP-t 
ratio  is  represented  by  the  line  bb  — the  intersection 
of  which  determines  point  A.  190 


This  representation  corresponds  to  the  original  National  Incore  Accounts 
estimate  of  Soviet  GNP£  with  line  aa  as  the  non-defense  share  of  GN Pr  and 
line  bb  as  the  defense  share.  In  Appendix  A,  the  estimated  end-use  distri¬ 
bution  of  Soviet  6NP£  is  based  upon  sample  indexes  developed  by  the  CIA 
Office  of  Economic  Research  (OER).19* 


190 

The  value  of  w. £  is  assumed  to  be  oositive  so  that  point  A  is  within  the 

unit  simplex  of  Figure  3.0--which  reflects  the  discrepancy  of  interest 
between  D.f  and  D. . 

19  1 

Rush  Greenslade,  "The  Real  Gross  National  Product  of  the  USSR,  1950- 
1975,"  JEC  report,  Soviet  Economy  in  a  New  Perspective.  October  14,  1976, 
Table  5,  page  275.  An  alternative  estimate  of  the  end-use  distribution 
of  Soviet  GNP£  based  on  Soviet  statistical  handbooks  and  other  official 

sources  has  been  developed  bv  William  T.  Lee  in  his  unoublisnea  working 
paper  entitled  "USSR  GNP  in  Established  Prices,  1955-1975". 
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Figure  3.0  An  Illustration  of  tne  Fundamental  Principle  Associated 
with  the  Ex  Post  Resource  Allocation  Experiments  in 
Appendix  A 


•  ^oint  A  represents  tne  original  3NP.  *  Ct*I  ‘A..+0,.  (Equation  A8). 

•  Point  3  represents  tne  estimated  SNP^  *  C1t*I , (Equation  A9), 

when  all  of  is  hidden :  i.e. ,  (x,  )  *  1,  whicn  is  a  polar  case. 

•  3oint  C  represents  the  estimated  3NP,.  *  (Equation  ug ) , 

men  all  of  >s  undetected;  i.e.,  ,c*' ^1  s  J.  whicn  is  also  a  ooiar 

case. 

•  Point  3  represents  an  estimated  3NP,r  =  C^.-I  .,,*A(..-0.  associated  «i:n  *aole 

«  Point  3*  reoresents  one  of  tne  experimental  conditions  -n  *aDle  A-3  of  Aooendix  A. 
given  values  ror  aha  . 
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Point  D  in  Figure  3.0  represents  an  inaeoendent  estimate  of  the 
level  of  Soviet  NSE  by  means  of  one  of  the  baseline  methodologies  shown  in 
Table  2.22.  The  initial  discrepancy  between  this  independent  estimate  of 
Soviet  NSE  (D^t)  and  the  "residual"  National  Income  Accounts  estimate  (Dt) 
will  determine  the  value  of  the  measurement  error  term,  t.  If  all  of 
the  a;,.  term  reflects  undetected  Soviet  defense  spending,  then  the  polar 
case  represented  by  point  B  would  have  been  observed  and  the  (C^.  +  It  +  A^)/ 
GNP .  ratio  would  decline,  which  is  reflected  by  the  line  ee.  Therefore, 
the  ratio  (0.  f/GNP. . )  is  reflected  by  the  line  dd  and  all  of  the  difference 
(  o-t)  between  D-t  and  Dt  is  attributed  to  the  undetected  Soviet  defense 

spending  that  must  be  added  to  GNPt  to  obtain  GNP^. 

On  the  other  hand,  if  all  of  the  a.t  term  reflects  hidden  Soviet  defense 

spending,  then  the  polar  case  represented  by  point  8  would  have  been  observed. 

In  this  case,  the  (C..„  +  I..*  +  A..*)/GNP,*  ratio  remains  constant  with  the 

1L  1  E  1  b  1  >-  ~ 

ratio  at  point  A  as  indicated  by  the  line  bb ,  which  contains  point  B  because 
(a,-0+a,-t+v  . -  1.  The  (D.^/GNP.*)  ratio  is  still  reflected  by  the  line  dd, 
but  now  all  of  the  difference  (^t)  between  D . t  and  Dt  is  attributed  to 
hidden  Soviet  defense  spending  in  the  Ct,  1^,  and  At  categories.  Therefore, 
GNPit  still  exceeds  GNPt<  However,  in  this  polar  case,  all  of  the  Soviet  NSE 
has  been  detected,  but  not  properly  identified  within  the  Soviet  National 
Income  Accounts. 


In  the  aeneral  case,  some  portion  of  the  term  will  reflect  undetected 
Soviet  defense  spending  and  another  portion  will  correspond  to  hidden  Soviet 
defense  spending,  so  that  observed  point  D  will  be  on  the  line  dd  between  the 
polar  case  represented  by  point  C  and  the  polar  case  represented  by  point  B  as 
reflected  in  Figure  3.0.  External  estimates  of  the  x.r,x.  ,  and  X.  parameters 
for  the  oercentaae  of  hidden  in  the  C,.,  L,  and  Af  cateaories  to  implement 

it  *  Z  Z  ^ 

Equations  (51),  (52),  and  (53)  determine  the  lines  ff  and  gg  in  Figure  3.0. 


T9T7 


he  line  ff  is  determined  by  the  [Ct  +  I,  +•  A^.  -  (A  ^-t-A  ^  I+X^)*N  t]/GNP^  ratio, 
where  the  polar  case  (line  ee)  is  determined  oy  the  (Ct  +  I  4 +  4,.  -  w^J/GNP-^. 
ratio  and  line  ga  is  determined  by  the  ( 1-X  .  -\ .  T-\ . , )  .  /GNP.  t  ratio. 

External  estimates  of  the  v . c ,  x . . ,  and  X . ^  parameters  used  in  Appendix  A 
are  based  upon  John  Pitzer's  "Reconciliation  of  Gross  National  Product  3 
Soviet  National  Income,"  CIA  OER,  December  1977,  Table  5,  page  25. 


and 
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The  resource  allocation  experiments  which  are  summarized 
of  Apoendix  A  are  based  upon  Equation  A- 18,  also  in  Appencix  A, 
the  ai saggregation  of  the  ratio  ( l-.\ i c*<  i  ,-\ . Ah.  /Grip . _  into  a 
component  and  a  random  component  as  follows: 


in  Table  A- 3 
and  involve 
systematic 


^ ie~A  i  I~V  i A ^ i  t 
GNPit 

I  L 


-1970 


( l+r* 


t- 1970 


•k 

it 


GNP . . 
1 1 


GNPit 


(57) 


In  principle,  if  the  observed  estimate  of  0^  ancl  the  original  value  of  GNPt 
are  compatible,  then  any  significant  difference  may  be  explained  by  means  of 
the  assumptions  used  to  estimate  the  systematic  component  in  Equation  (57). 

The  observed  estimate  of  D.^  in  Figure  3.0  corresponds  to  point  D,  wnile  the 
original  value  of  GNPt  corresponds  to  point  A.  Alternative  experimental 
values  for  u.g7Q  are  presented  in  Table  A-3  of  Appendix  A.  In  addition, 
alternative  experimental  assumptions  with  regard  to  the  percentage  of  total 
research  and  development  expenditures  allocated  for  Soviet  defense  determine 
the  values  of  other  parameters  which  are  required  to  implement  Equation  (A- 19) 
as  described  in  Appendix  A.  Based  upon  these  assumptions  for  one  of  the  20 
experiments  in  Table  A-8,  the  "predicted"  value  for  the  estimate  of  D . t  is 
determined  as  indicated  by  point  D*  on  the  line  hh  in  Figure  3.0.  The 
systematic  component  of  Equation  (57)  [i.e.,  ^*i97q(  l+r*)t-197<^/GNPi  t]  reflects 
how  much  the  line  gg  must  shift  in  order  to  define  point  D*.  Moreover, 
estimation  of  the  random  component  of  Equation  (57)  (i.e.,  wt./GNP.*)  based 

1  l  U 

upon  Eauation  (A-23)  in  Appendix  A  will  define  the  line  hh,  which  reflects 
how  much  the  line  dd  must  shift  in  order  to  define  point  D*. 


Obviously,  if  the  experimental  assumptions  are  completely  appropriate 
with  respect  to  explaining  the  original  measurement  error  (u.^),  then  point 
D*  will  coincide  with  point  0  in  Figure  3 . 0 — i n  which  case,  al 1  of  the 
estimated  value  of  the  "observed"  Dit  will  have  been  "predicted"  by  the 
experimental  assumptions,  so  that  the  ratio  wT  /GNP^t  will  be  zero  in  Equation 
(57).  On  the  other  hand,  if  the  experimental  assumptions  are  completely 
i naopropri ate ,  then  point  D*  will  coincide  with  point  A  in  Figure  3 . 0 — i n 
which  case  none  of  the  estimated  value  of  the  "observed"  D.„  will  have  been 

-  I  u 

"predicted"  by  the  experimental  assumptions,  so  tnat  the  ratio  *,*t/GiiP;t  will 
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equal  ( 1-A  . ,-A .  -A  .  L .  /3NP .  in  Equation  (57).  Generally  speaking,  the 
experimental  assumptions  are  only  partially  appropriate,  so  that  ooint  0* 
will  not  coincide  with  point  0  or  with  point  A  in  "igure  3.0.  Therefore, 
a  'goodness  of  fit"  test  based  upon  the  F-statistic  nas  been  developed  in 
Equation  (A-24)  of  Appendix  A  in  order  to  determine  if  point  0*  and  point  0 
are  significantly  close  in  a  statistical  sense.  The  null  hypothesis  is 
formulated  on  the  basis  of  tne  random  component  of  Equation  (57)  and,  if 
accepted,  then  0 . t  and  GNP  are  "not  demonstrably  i nconsi stent"--gi ven  the 
experimental  assumptions.  This  means  that  the  remaining  measurement  error, 
which  will  cause  line  dd  to  shift  to  line  hh,  is  negligible  because  it  is 
not  statistically  significant. 


3.d.2  An  Analysis  of  the  Results  of  tne  Resource  Allocation  Experiments 

The  results  of  the  20  resource  allocation  experiments  described  in 
Appendix  A  are  summarized  in  Table  3.1  for  each  of  the  baseline  estimation 
techniques.  As  may  be  observed,  the  results  are  expressed  in  terms  of 
estimates  of  ;  i.e.,  the  percentage  of  Soviet  Outlays  n.e.c.  (not 

otherwise  classified)  for  defense  expenditures  in  the  year  1970  with  baseline 
estimation  technique  i.  however,  each  cell  of  Table  3.1  contains  not  only 
an  estimate  of  3.  1970*  but  a'so  d  reflection  of  the  comparison  of  each 
estimate  with  tne  acceptable  range  of  3.  defined  in  Equation  (A-22)  of 

Appendix  A;  i.e.,  .67  -  3 .  -  .90.  In  this  context,  an  estimate  may  be 

identified  as  "unacceptable"  because  it  is  either  (low)  or  (high).  An 
estimate  may  also  be  identified  as  "unacceptable"  if  the  value  of  the  F-statistic 
defined  in  Equation  (A-24)  of  Appendix  A  exceeds  4.60  at  tne  5«  level,  wnich 
is  indicated  by  an  asterisk  [*],  or  3.86  at  the  U  level,  wnich  is  indicated 
by  two  asterisks  [**].  The  number  of  "acceptaole"  baseline  estimates  is 
reflected  in  the  bottom  row  of  Table  3.1  which  indicates  that: 

•  The  Official  Soviet  Defense  Budget  (i.e.,  Column  1),  IISS 
Original  Budgetary  Technique  (i.e.,  Column  2),  and  French 
National  Expenditure  method  (i.e..  Column  31  are  'unaccep¬ 
table"  because  they  are  incompatible  with  Rush  Greenslade's 
National  Income  Accounts  for  uNP  in  all  of  tne  20 
experiments . 
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The  CIA  direct  costing  technique  is  only  compatible  with 
Rusn  Greenslade's  Soviet  GNP  data  for  2  of  the  20  experi¬ 
ments;  i.e..  Experiments  Nos.  17  ana  18  wherein  tne  CIA 
estimates  of  3 . ^  (percentage  of  total  Soviet  R&D  expendi¬ 
tures  for  defense  in  time  period  t  with  estimation  tecnnique 
i)  and  Rush  Greenslade's  estimate  of  ^,970  =  bi1',ion 
rubles,  or  a  slightly  greater  value  (u|g7Q  =  3-°)’  are  used. 

In  this  context.  Rush  Greenslade's  first  hypothesis  in  Appendix 
A  (i.e.,  "the  Soviet  GNP  is  too  low  in  1970  by  about  5.5  billion 
rubles")  is  consistent  with  the  CIA  estimates  from  1960  to 
1975.  This  compatibility  is  achieved  by  assuming  that  14 
percent  of  Soviet  NSE  is  "hidden"  in  Consumption,  Investment, 
and  Non-Defense  Government  spending  as  reflected  in  Equation 
(A-25)  of  Appendix  A--which  means  that  Rush  Greenslade's  third 
hypothesis  was  replaced  with  Jonn  Pitzer's  data  in  Table  A- 10 
of  Appendix  A  in  order  to  empirically  test  Rush  Greenslade's 
first  hypothesis.  With  reference  to  Rush  Greenslade's  first 
hypothesis,  which  is  reflected  in  Experiment  No.  17  and  Column 
9  of  Table  3.1,  it  may  be  observed  that  Sill  Lee's  commodity 
basis  estimates  of  Soviet  NSE  (i.e..  Column  7)  are  also 
compatible  with  the  same  experimental  conditions.  Moreover, 
if  Bill  Lee's  estimates  of  the  parameter  G.j*  are  used  in  lieu 
or  the  CIA's  estimate  of  this  parameter  and^all  other  experi¬ 
mental  conditions  remain  unchanged,  then  the  result  is 
Experiment  Mo.  12.  In  this  case.  Bill  Lee's  commodity  basis 
estimates  in  Column  7  are  still  compatible  with  the  estimates 
of  Soviet  GNP,  but  now  the  CIA  estimates  in  Column  9  are  i ncom- 
patible  because  the  F-statistic  is  "unacceptable".  Therefore, 
a  comparison  of  Experiments  Nos.  12  and  17  in  terms  of  the 
estimating  techniques  identified  in^Columns  7  and  9  of  Table 
3.1  indicates  that  the  estimate  of  3-  ^7g  associated  with  the  CIA 
technique  is  only  "acceptable"  with  the  CIA  estimates  of  the 
parameter  By  contrast,  the  estimate  of  3^  ^g7g  associated 

with  Bill  Lee's  commodity  basis  technique  is  "acceptable"  with 
both  the  CIA's  and  Bill  Lee's  estimates  of  G-j*.  As  a  result, 
it  may  be  observed  that  the  CIA  estimating  technique  is  less 
"robust"  than  Bill  Lee's  commodity  basis  estimating  technique 
because  it  is  more  sensitive  to  changes  in  the  experimental 
conditions. 

Stanley  Cohn's  estimating  technique  in  Columns  4  and  5  of  Table 
3.1  is  "acceptable"  in  terms  of  the  values  of  ^  ig70  in  only 
four  of  the  twenty  experimental  conditions;  i.e.l  experiments 
Nos.  1,  6,  11,  and  16.  As  may  be  observed,  the  common  factor 
among  these  four  experiments  is  that  Jonn  Pitzer's  assumption 
that  -ojg7Q  =  0  is  maintained.  It  would  therefore  appear  that 

Stanley  Cohn's  estimating  technique  is  extremely  sensitive  to 
the  assumption  that  the  Soviet  GNP  in  the  year  1970  is  correctly 
estimated  (i.e.,  no  "undetected"  Soviet  defense  expenditures 
need  to  be  added  to  the  Soviet  GNP).  Any  "missing"  Soviet 


defense  expenditures  must  oe  'hiocen'  in  otner  ''on-cer‘e’'se 
categories.  In  addition,  it  would  apoear  tnat  tne  comoa- 
tibility  of  Stanley  Cohn's  estimating  tecnnique  with  Rusn 
Greens  I  ace  s  National  Income  Accounts  for  Soviet  GNP  ■$ 
entirely  Insensi  ti  e  to  tne  cnoice  of  ,alues  for  j .  _ 

summarized  in  Taole  A- 11  of  Appendix  A.  Therefore,  it  nay 
be  observed  tnat  Stanely  Conn's  estimating  technique  is 
also  less  “robust"  than  Bill  Lee's  estimating  technique 
because  it  is  extremely  sensitive  to  Conn  Pi  tier's  assumption 
tnat  -“-07Q  *  A.  the  same  way,  the  CI.A  direct  costing 
technique  is  extremely  sensitive  to  the  CIA  assumption  with 
regard  to  tne  value  of 


•  Bill  Lee's  estimating  technique  in  Columns  5  and  7  of  'able 

3.1  is  "acceptable'1  in  terms  of  the  values  of  8.  in  more 

l ,  1970 

of  the  experimental  conditions  than  any  other  technique. 
Inasmuch  as  none  of  the  estimating  techniques  in  Table  3.1 
provide  'acceptable “  values  of  8.  107n  in  Experiment  Nos.  5, 

10,  15,  ana  CO  when  the  Douglas  Diamond's  assumption  that 
^1970  =  1S  use0,  then  these  experiments  may  oe  eliminated 

from  further  consideration  at  this  time.  Clearly,  Douglas 
Diamond's  estimate  of  undetected  Soviet  defense  spending  that 
must  be  added  to  Soviet  GNP  is  "too  high".  For  every  other 
hypothesized  value  of  ^  1970 *  poss^^e  to  identify  one 

of  the  four  values  of  that  will  provide  an  "acceptable" 
value  of  S-  in  Columns  6  or  7.  However,  as  would  be 

generally  anticipated,  the  low  values  of  ol.^g  (i.e.,  0.0  and 
5.5)  are  more  compatible  with  Bill  Lee's  commodity  basis 
estimates  in  Column  7,  wnereas  the  middle  values  of  C^g 

values  (i.e.,  8.6  and  11.7)  are  more  compatible  with  Bill  Lee's 
establishment  basis  estimates  in  Column  6.  It  may  therefore 
be  observed  that  Sill  Lee's  estimating  teenniaue  is  the  most 
"robust"  of  all  of  the  estimating  techniques. 


t 


The  Chinese  estimates  in  Column  10  of  Table  3.1  are  not 
compatible  with  the  I ow  values  of  G^g  (i.e.,  0.0  ana  5.5)  ,:or 
all  of  the  four  values  of  i-„.  This  means  that,  in  order  for 
the  Chinese  External  Information  Method  to  be  compatible  with 
Rush  Greenslade's  Soviet  GNP  accounts,  then  the  mi ddle  values 
of  i^g-g  (i.e.,  8.6  and  11.7)  must  be  assumed  to  represent  tne 

levels  of  "undetected"  Soviet  defense  spending  wnich  must  be 
added  to  the  Soviet  GNP.  3y  contrast,  the  SIPRI  estimates  in 


Col umn  3  0 

Of  •  n  -».>  \ 

.1  ■  * .  Thi  5 


f  Table  3.1  are  not  compatible  with  the  middle  values 
i.e.,  8.6  and  11.')  for  all  of  the  four  values  of 

means  that,  in  order  *'or  the  FNE  and  BE  Residuals 


Tec.onique  to  be  compatible  with  Rusn  Greenslaue’s  Soviet  GNP 
accounts,  then  the  low  values  of  G,,-g  (i.e.,  C.D  and  5.5'  must 
oe  assumed  as  the  levels  of  "undetected"  Soviet  NSE  which  must 


U9 


be  added  to  the  Soviet  GNP.  Therefore,  the  Chinese  and 
the  SIPRI  estimates  are  both  sensitive  to  a  particular 
range  of  the  values  of  iig7g  that  must  be  assumed  in  order 
to  attain  'acceptable'  estimates  of  ^  1Q-n,  but  tney  are 
not  sensitive  to  tne  cnoice  of  values  ’"or  a.  summarized 
in  Table  A-ll  of  Appendix  A. 

•  In  summary,  the  general  ranking  of  the  baseline  estimation 
techniques  in  terms  of  "acceptable"  values  of  3,.  ,^,g  ano 

of  the  relative  "robustness"  of  tne  techniques  with  respect 
to  changes  in  assumptions  pertaining  to  the  values  of  G.„ 

and  wigyQ  is  as  follows: 

-  Very  robust--Bill  Lee's  estimation  technique  ( i . e . , 

both  the  establishment  basis  and  commodity  basis)  is 
most  compatible  with  Rush  Greenslade's  National  Income 
Accounts  GNP  in  the  resource  allocation  experiments 
because  it  will  accept  all  of  the  four  assumed  values 
of  as  well  as  the  low  and  middle  values  of  G^yg 

-  Moderately  robust — The  SIPRI  and  Chinese  estimation 
techniques  are  moderately  compatible  in  that  they  will 
accept  all  of  the  four  assumed  values  of  G . .  ,  but  only 
the  low  or  middle  assumption  (not  both)  wiih  regard  to 

^1970 ' 

-  Slightly  robust--Stan!ey  Cohn's  estimation  techniaue 
(i.e. ,  both  the  State  Reserve  oasis  and  the  Final  Demand 
Basis)  is  slightly  compatible  in  that  it  will  accept 

all  of  the  four  assumed  value  of  t>  but  only  one 
assumption  with  respect  to  G^yg  (i.e.,  G,gyg  =  0).  The 

CIA  estimation  technique  is  also  slightly  compatible  in 
that  it  will  accept  only  one  assumption  with  regard  to 
Git  (i.e.,  the  CIA  values  for  a-t),  but  two  of  the 
assumptions  with  respect  to  -^gyg  (i.e.,  5.5  and  3.6). 

-  Unacceptable--  The  Official  Soviet  Defense  Budoet,  the  I  IS  S 
original  budgetary  technique,  and  the  French  national 
expenditure  method  are  not  compatible  in  terms  of  the 
resource  allocation  experiments  in  that  they  do  not 
accept  any  of  the  values  of  G.t  and  I^gyg  summarized  in 

Table  A-Il  of  Appendix  A.  In  this  context,  neoatl ve 

values  of  w,n-n  roust  be  assumed  before  these  estimation 

iy  i  u 

techniques  will  be  compatible  with  Rush  Greenslade's 
National  Income  Accounts  GNP  (i.e.,  1970  Soviet  GNP  is 
"too  high"  rather  than  "too  low"). 

The  resource  allocation  experiments  summarized  in  Table  3.1  stressed 
the  "acceptabi 1 i ty"  of  estimates  of  ^  .gyg  in  order  to  assess  the  ""coustness" 
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of  eacn  or  the  baseline  estimation  methodologies  with  respect  to  cnanges  in 
the  experimental  assumptions.  The  general  ranking  of  these  baseline  retno- 
dologies  in  terms  of  their  relative  "robustness'  ray  be  luorented  by  re  ms  : 
the  following  mean -square- error  F-statistic  developed  from  tne  error  term 
defined  in  Equation  (A-23)  of  Appendix  A: 


t=n 


F.  .  = 
i  J 


t=n 


:  U*  -e  r/  z  (S*  ■ -e. 

;1  ^  ^=1  J  T  J 


tan 


t=n 


where  z _U£t-ek)  =n(5*-ek)"  r  for  k  = 


k' 


\  t  X 


t=l  "  "  t=l 

i  or  j  with  i  =  1,...,  9  and  j  =  i 10. 


158) 


This  test  statistic  is  calculated  for  all  of  the  resource  allocation  experi¬ 
ments  in  Table  3.1  with  =  0  substituted  into  Equation  (58),  wnich 

evaluates  the  null  hypothesis 


i 


't 


J 


against  the  alternate  hypothesis 


which  requires  a  two-tail  test  at  the  51>  and  IT 
levels,  respecti vely.  194 


(59) 


(60) 


The  results  of  this  pair-wise  comparison  of  the  baseline  methodologies  for 

the  low  and  middle  values  of  are  summarized  in  Tables  3.3  and  3.3  with 

-  -  1970 

asterisks  (*  and  **)  indicating  significant  differences  at  the  5-  and  IT  levels, 
respecti  vely .  The  results  of  this  comparison  for  the  hi  on  value  of  as 

well  as  a  summary  of  the  number  of  significant  pairwise  comparisons  for  the 
five  values  of  for  each  of  the  four  alternative  values  of  8 .  t ,  are 

provided  in  Table  3.4.  Each  pair-wise  comparison  for  the  ith  and  jth  baseline 
nethodologies  in  Tables  3.3,  3.3,  ana  3.4  is  shown  in  each  off-oiagonal  block, 
wnich  is  then  divided  into  four  sub-blocks  (i.e.,  northwest,  northeast, 
southeast,  and  southwest)  that  correspond  to  the  estimates  of  i ■ *  bv  Stanley 

I  U 

■'*  "ne  F. -statistic  in  Equation  ^4-34)  of  Appendix  A  evaluates  the  null 
v.ootnesis  a0:  * .  5  0  against  tne  alternate  nypocnesis  hA:  ^  *  0 

w>ii:r  -ests  for  'bias"  in  tne  ith  estimating  methodology.  The  F-statistic 
■  3:uation  \58),  on  the  other  hand,  tests  the  'relative  efficiency  ' 
tne  ith  md  jth  estimating  methodologies . 
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Table  3.2  Mean-Square-Error  Ratios  for  the  Pair-Wise  Comparison  of  the 
Baseline  Techniques  for  Estimating  Soviet  NSE  Using  Low 
Values  of  3ig^0  195 


95  -v 

he  tow  value  of  used  in  the  coper  triangular  nacrik  is  John  Ritcer's  assumotion  that  j.g-Q  *  0. .  ana  :ne  tow 

value  of  u.g.Q  used  in  the  lower  triangular  tiatrlk  is  Rush  Sreenslades  assumotion  tnat  j.g.g  »  5.5  with  the  'our 
alternative  estimates  of  ijt  -“presented  in  each  off-diagonal  Block,  'he  nortnwest.  northeast,  southeast,  ana  southwest 
suo-olock  within  each  off-diagonal  plock  correspond  to  the  estimates  of  ijt  Oy  Stanley  Conn.  a  mixture  as  reflected  -n 
"iole  5.L!,  3iU  _ae,  and  "he  CIA,  respectively.  The  critical  values  of  the  ^-statistic  at  the  5.  level  ire  JC9  and 
'.33,  -esoectively,  :n  each  tail  of  the  oistriBution,  and  the  sufl-olocx  contains  an  asterisk  wnen  the  nean-square- 
en-pr  -atio  is  outside  this  critical  range,  'he  critical  values  of  the  --statistic  at  the  level  are  .596  and  j.”, 
-esoectively,  m  each  tail  of  the  distribution,  and  the  suD-Dlock  contains  "wo  asterisks  .nen  the  mean-square-er*-or 
-stio  is  outside  this  critical  -ange. 
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Table  3.3  Mean-Square-Error  Ratios  for  tne  Pair-Wise  Comparison  of  the 
Baseline  Techniques  for  Estimating  Soviet  N$t  Using  Middle 
Values  of  136 


Official 

Original 

Budgetary 

FN£  dno  3£ 
^esidudls 

^evi seo 
Budgetary 
"echn i que 

°-dduccon 
fesi dual 
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‘Uf  ana  i 

Direct 

£xter" d ' 

Soviet 

Tecnnique 

Technique 

{ Stanley  Conn ‘ $ 

"ecni nque 

ix^erO i tore 

Costing 

Inr'omat : 

Defense 

(irss 

:s:pri 

:st'.  rates 

.  3 1 1 1  _ee  s 

wetnod 

"ecnnuje 

Met  nod 

Socket 

Estimates) 

Estimates) 

State  final 

Ss  Cerates 

.French 

;c:a 

(Chinese 

Reserves  1  Demand 

istaoi  "\  smCcmmoc- 
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Estimates 

Escmates 

n  is ci  mace 
.State  Seserv. 
3asi s) 


Cohn  Estimates 
(Final  demand 
3as is) 


Lee  tstt  nates 
.Commodity  3asis' 


'iatioral  txcenai  tore  i- 
,J9thod  v?-ench 
Esr  maces) 


Ji-ect  ^ostma 
"ecnnioue 
C'.A  Estimates 


(«ma  .nro 
at: an  •'emoa 


•i  a !  ue  a  r 


jseo  in  tne  .ooe>'  triangular  matrix 


t.j..,  .sad  in  tne  ' ower  triangular  matrix  's  3111  .ee  ;  L-j-p  ’ 

-epresented  in  each  or '-diagonal  slock,  the  trifles!  al  .es  it 
; l oexs  *1  t.i  liter'sxs  *  ana  '■*'  ire  •nose  ;r«vtausly  tef'ned  •' 
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Table  3.4  Mean-Square-Error  Ratios  for  the  Pair-Wise  Comparison  of  the 
Baseline  Techniques  for  Estimating  Soviet  NSE  Using  high 
Values  of  ^197Q  197 
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-s  nay  be  oDserved,  this  ' jo  1  e  also  oresents  a  summary  of  the  nean-souare-er-or  ratio  terms  using  low,  moole,  ana 
high  values  or  j.g.g.  "he  1190  vaiue  of  used  in  the  jooer  triangular  matrix  is  Douglas  diamond's  j.^-g  *  25. J. 

"he  lower  triangular  matrix  contains  the  numoer  of  significant  oair-wise  comDansons  for  the  cive  values  of  “'or 

each  of  the  four  alternative  estimates  of  ij(.  --epresented  in  the  off -diagonal  alocxs.  "he  critical  values  of  the  F- 
statistlc  vnich  are  used  to  identify  the  suB-olocxs  -nth  asterisks  ,*  and  **'  are  those  oreviouslv  defined  in  -ootnote 
195  of  facie  3.4. 
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Cohn,  a  mixture  (as  reflected  in  Table  3.1),  Si1!  Lee,  and  the  CIA,  respective! y. 
For  example,  Experiment  Ho.  17  in  Table  3.1  compares  the  baseline  estimation 


metnoao lOQies  in 


:rm$  or  tne  estimates  c 


dependent  upon  the  evaluation  of  each  methodology  separate! /  as  explained  in 
Footnote  194.  Inasmuch  as  Experiment  Mo.  17  is  Dasea  upon  an  assumption  t.nat 


1970  =  -’’ien  tiie  ?ainwise  comparisons  between  the  it.n  and  jth  baseline 
methodologies  are  to  be  found  in  the  1  owe r  triangular  matrix  of  Table  3.2. 
Moreover,  since  Experiment  Mo.  17  uses  the  CIA  values  for  a-t,  then  tne  southwest 
sub-block  of  each  off-diagonal  block  in  the  lower  triangular  matrix  of  Table 
3.2  reflects  the  result  of  the  F^-test  in  Equations  (58),  (59),  and  (60).  In 

particular.  Experiment  No.  17  indicated  that,  as  reflected  in  Row  17  and 
Columns  7  and  9  of  Table  3.1,  both  theCIA  and  Bill  Lee's  commodity  basis 
estimating  techniques  generated  "acceptable"  values  for  In  this 

context,  an  examination  of  Row  9  and  Column  7  in  Table  3.2  reveals  an  asterisk 


in  the  southwest  sub-block,  which  is  identified  by  means  of  double  lines  ana 
indicates  that  there  is  a  significant  difference  between  the  "relative 
efficiency"  of  the  CIA  and  Bill  Lee's  commodity  basis  estimating  techniques 


under  the  conditions  of  Experiment  No.  17  because  the  alternative  hypothesis 
in  Equation  (60)  must  be  accepted.  Therefore,  from  the  standpoint  of 
"relative  bias"  and  in  light  of  the  "acceptable"  estimates  of  iL  ^gyg.  the 
baseline  methodologies  in  Experiment  No.  17  are  reduced  to  the  CIA  and  Bill 
Lee's  commodity  basis  techniques.  Thus,  from  the  standpoint  of  "relative 
efficiency",  Bill  Lee's  commodity  basis  estimating  technique  would  appear  to 
be  the  best  estimating  methodology,  if  and  only  i f ,  the  assumptions  underlying 
Experiment  No.  17  are,  in  fact,  correct.  However,  if  the  assumptions  are 
changed  to  reflect  the  consideration  of  Experiment  Mo.  13  in  Table  3.1,  then 
i t  may  not  be  possible  to  statistically  distinguish  between  the  CIA  anc  the  Bill  Lee  '  s 
establishment  basis  estimating  techniques  (i.e.,  Row  18  and  Columns  5  and  9 
of  Table  3.1).  An  examination  of  Row  6  and  Column  9  in  Table  3.3  reveal  rw 
asterisk  in  the  southwest  sub-block  (identified  by  means  of  double  lines), 
which  indicates  that  there  is  no  significant  difference  between  the  "relative 

__  ^ 

The  Bill  Lee  commodity  basis  mean-square-error  is  13.08,  whereas  the  CIA 

mean-square-error  is  41.46  with  the  F-statistic  in  Equation  (53)  equal  to 
3.17--which  is  significant  at  the  5C  level.  Therefore,  Bill  ;_ee's 
commodity  basis  estimating  tecnnique  is  considered  to  be  relatively  more 
efficient  than  the  CIA  technique. 
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efficiency"  of  the  CIA  and  Bill  Lee's  establ ishment  basis  estimating  techniques 
under  the  conditions  of  Experiment  No.  18  because  the  null  hypotnesis  in  Equation 
(59)  must  be  accepted.  The  same  evaluation  procedure  may  be  applied  to  all  of 
the  twenty  resource  allocation  experiments  defined  in  Appendix  A. 

In  summary  then,  the  ex  post  resource  allocation  analysis  of  the  estimated 
level  of  Soviet  NSE  presented  in  this  section  of  the  report  has: 

•  Provided  a  general  ranking  of  the  baseline  methodologies  in 
terms  of  their  relative  "robustness", 

•  Defined  the  relative  bias  and  relati ve efficiency  of  the  baseline 
estimation  techniques,  and 

•  Described  a  test  for  the  relative  efficiency  of  the  baseline 
techniques  under  clearly  identified  experimental  conditions. 

However,  the  application  of  these  two  well-known  properties  of  an  estimator 
(i.e.,  relative  bias  and  relative  efficiency)  for  the  purpose  of  identifying 
the  best  technique  for  estimating  Soviet  NSE  is  valid  only  if  the  assumptions 
associated  with  a  given  ex  post  resource  allocation  experiment  are  correct. 
Nonetheless,  the  empirical  results  based  upon  the  methodology  developed  in 
Appendix  A  do  provide  an  illustration  of  the  various  properties  of  estimators 
which  are  discussed  in  Section  2.10  of  this  summary  report. 


3.6  AN  EX  POST  RESOURCE  ALLOCATION  ANALYSIS  OF  THE  ESTIMATED  COMPOSITION 
OF  SOVIET  NSE 

This  section  of  the  summary  report  is  devoted  to  an  analysis  of  the 
disaggregation  of  Soviet  NSE  from  the  macro  level  to  an  appropriate  micro 
level  of  detail,  to  include  the  development  of  a  suitable  classification 
taxonomy  for  analysis  of  the  composition  of  Soviet  NSE.  In  this  context, 
the  level  of  Soviet  NSE  may  be  conceptually  disaggregated  into  Investment 
and  Operating  expenditures.  Investment  expenditures  are  of  two  general 
categories;  namely, 

•  Capital  expenditures  for  materiel,  such  as  the  procurement 
of  new  weapons ,  and 

«  Capital  expenditures  for  human  resources,  such  as  military 
RDT&E.  199 


199 

Military  research,  development,  test  and  evaluation  expenditures  include 
the  procurement  of  new  technology. 
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Operating  Expenditures  may  also  be  subdivided  into  two  general  categories; 
namely , 

a  Personnel  costs,  and 
•  Non-personnel  costs. 


Therefore,  an  initial  conceptual  taxonomy  may  be  defined  as  follows: 

t  Investment  expenditures,  to  include: 

-  Capital  expenditures  for  materiel  ve.g.,  procurement  1 ,  and 

-  Capital  expenditures  for  human  resources  (e.g.,  RQTiE). 

•  Operating  expenditures,  to  include: 

-  Personnel  costs  (e.g.,  compensation),  and 

-  Non-personnel  costs  (e.g.,  maintenance). 


In  general,  there  will  be  m  categories  of  disaggregation  at  the  micro 
level  of  detail  for  the  macro  level  of  Soviet  NSE.  Although  the  actual  level 
of  Soviet  national  security  expenditures  for  a  given  time  period  and  the  jth 
micro  level  category  (D* . )  is  unknown,  it  may  be  related  to  the  estimated 
level  (D-tj)  by  means  of  the  i th  estimation  technique  as  follows: 


Ditj  =  13*. £i  for  j  =  1,...,  m  categories 


,61) 


where  £.f,  is  a  stochastic  "information  error"  term  that 

is  assumed  to  be  lognormally  distributed  with  the  following 
mean  and  variance.200 


EUitj)  =  exp(tu  ^ j  +  la a i j 2 )  and  (52) 

V ( s i  t j  )  =  exP(2tu  .j.  +  a  i  j2)  [exp(ol- j2)-l]  v 63 ) 


As  a  result,  the  natural  logarithm  of  £.. .  will  have  a  normal  distribution 

T  Z  J 

with  the  following  mean  and  variance: 


EU“i«>  '  c“ ij and 
for  j  =  1,...,  m  categories. 


,6*1) 


non 

w  E.  Parpen,  Modern  Probability  Theory  and  Its  Aoolication,  wiley,  New  >ork, 
1960,  page  343.  The  assumption  of  lognormal ity  is  appropriate,  if  the 
effect  of  the  information  error  is  directly  proportional  to  the 
magnitude  of  the  actual  level  of  Soviet  MSE  in  the  jth  micro  ’eve!  category. 
D*j  — H.  Cramer,  Mathematical  Methods  of  Statistics,  ^rinceton  University, 

Press,  1966,  page  220. 
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Therefore,  the  average  information  error  for  the  ith  estimation  technique 
and  the  jth  micro  level  category  of  disaggregation  wi  11  depend  upon  the  value 
of  the  parameter  p . .  and  the  time  period  t.  The  variance  of  the  information 
error  is  constant  for  all  time  periods. 

It  is  also  hypothesized  that  the  actual  level  of  Soviet  NSE  for  a 
given  time  period  and  for  the  jth  micro  level  category  may  be  conceptually 
related  to  a  base  year  (i.e.,  t  =  0)  parameter  a.^  and  a  growth  percentage 
parameter  b..  using  the  ith  estimation  technique  as  follows: 

•  O 

°tj  =  aijbijuitj  for  J  =  m  categories,  (65) 

where  u..  .  is  a  stochastic  "methodology  error"  term. 

'  t  J 

Now  assuminq  that  u.  .  is  lognormally  distributed  with  the  following  mean 
201 

and  variance 

2 

E(uitJ-)  =  exP(“1j  +  and  (66) 

V(uitj)  =  exp(2Mij  +  X*)  [explxfj)  -1]  (67) 

then  the  natural  logarithm  of  u.  .  will  have  a  normal  distribution  with  the 

'  ^  J 

following  mean  and  variance: 

EUnuitj)  =  co.j  and  VUno^)  =  (68) 

for  j  =  1,...,  m  categories. 

Therefore,  the  average  methodology  error  for  the  ith  estimation  technique 
and  the  jth  micro  level  category  of  disaggregation  will  depend  upon  the  value 
of  the  parameter  uj. j .  The  variance  of  the  methodology  error  is  constant  for 
all  time  periods. 


By  substituting  Equation  (65)  into  Equation  (61),  the  following  micro 
level  operational  equation  for  the  ith  estimation  technique  will  result: 

7  Q  1 

The  assumption  of  lognormal ity  is  appropriate,  if  the  effect  of  the 
methodology  error  u^.  is  directly  proportional  to  the  a^jb^  level  of 

Soviet  defense  spending  in  the  jth  micro  level  category.  Definitions  of 
information  error  and  methodology  error  terms  were  previously  introduced 
in  Section  2.10  of  this  summary  report. 


158 


I 


0.  ■  =  a.-b:.u...e... 

nj  ij  ij  nj  itj 


ror  j  =  i, 


■!  categories. 


In  this  eolation,  tne  micro  level  “rate  of  growth"  oa rare  ter s  are  ce'inec 
?y? 


rij  =  ^  -  1  f0r  ^  =  1*--  »  'n  categories.  v 70 ) 

These  conceptual  micro  level  categories  of  disaggregation  of  Soviet  NSE  with 
their  associated  information  and  methodology  error  terms  may  now  be  operation 
ally  implemented. 


3.6.1  Implementation  of  Conceptual  Micro  Level  Categories  of 
Disaggregation  of  Soviet  NSE 


The  CIA  provides  estimates  of  Soviet  national  security  expenditures 
(NSE),  as  well  as  estimates  of  the  composition  of  this  NSE  in  terms  of  the 
following  categories: 

•  Spending  by  the  branches  of  service: 

-  Ground  Forces, 

-  Ai r  Forces , 

-  Navy, 

-  National  Air  Defense  Forces  (PVO), 

-  Strategic  Rocket  Forces,  and 

-  Command  and  Support. 


•  Spending  by  specific  missions: 

-  Intercontinental  attack  forces  subject  to  SALT  II  limitations, 

-  Soviet  forces  in  the  NATO  guidelines  area,  and 

-  Forces  along  the  Sino-Soviet  border. 


•  Spending  by  resource  categories: 

-  Investment  expenditures, 

-  Operating  expenditures,  and 


-  Research,  Development,  Testing,  ana  Evaluation  \R0T&E) 
expenditures. 203 

The  micro  level  categories  of  disaggregation  in  Appendix  3  are  defined  as 
m  =  12  sectors  of  the  economy  with  the  "conceptual'1  parameter  r,  .  estima 
in  Taple  3-33.  'J 


203 


CIA,  Estimated  Soviet  Defense  Soendino:  Trends  and  Respects.  SR  '3-10121 
June  1973,  pages  2-3. 


t 
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For  purposes  of  this  ex  post  resource  allocation  analysis  and  consistent 
with  current  perceptions  of  the  composition  of  Soviet  NSE,  the  disaggregation 
of  Soviet  NSE  by  means  of  tne  foregoing  resource  categories  will  be  emphasized, 
and  the  following  set  of  "disaggregation  rules"  for  correlating  eacn  resource 
category  with  a  particular  sector(s)  of  the  Soviet  economy  will  be  utilized: 

•  The  Investment  expenditures  category  generally  includes 
spending  for  the;204 

-  Procurement  of  new  equipment  and  weapons, 

-  Procurement  of  major  spare  parts,  and 

-  Construction  of  facilities. 

•  The  Operating  expenditures  category  may  be  generally  dis¬ 
aggregated  into  military  personnel  costs,  to  include: 

-  Pay  and  allowances  and  retirement  pay, 

-  Food,  and 

-  Personal  equipment,  medical  care,  and  travel; 

and  operation  and  maintenance  costs,  to  include: 

-  Maintenance  of  equipment  and  facilities, 

-  Purchase  of  petroleum,  lubricants,  and  utilities, 

-  Hiring  civilian  personnel,  and 

-  Leasing  of  communications. 

•  The  RDT&E  expenditures  category  generally  includes: 

-  Wages  and  social  insurance, 

-  Prototypes  of  new  equipment, 

-  Fuels,  chemicals,  and  other  materiel  inputs,  and 

-  Plant  and  equipment  facilities. 


Ibid. ,  Footnote  3,  page  2.  The  recent  CIA  investment  expenditures  analysis 
is  still  based  upon  the  "narrow  definition"  of  defense  which  corresponds  to 
that  used  in  the  United  States.  However,  in  disaggregating  NSE  in  terms  of 
resource  categories,  the  CIA  is  now  using  a  "wider  definition"  of  invest¬ 
ment,  and  a  "narrower  definition"  of  operating  costs,  than  is  currently 
employed  in  describing  U.S.  defense  accounts.  These  CIA  definitions  now 
assign  a  greater  share  of  spending  for  spare  parts  and  repair  to  investment 
and  a  lesser  share  to  operating  costs  than  was  the  case  in  the  CIA  document 
Estimated  Soviet  Defense  Spending  in  Rubles,  1970-1975,  SR  76-101210,  May 

W T. 


In  lignt  cr  the  foregoing  "di saggregation  roles,'  the  Investment 
expenditures  resource  category  nay  be  generally  associated  witn  tne  Mac hi ne- 
3,,'i  '  cl  no  anc  "eta'  ■■icr<l  n :  sectors  for  tne  procurement  of  new  .veaocns,  as 
well  as  scare  parts.  Inis  category  may  also  oe  associated  witn  the  Construc¬ 
tion  sector  for  the  building  of  new  facilities  and  with  the  Transportation 
anc  Communications  sector  for  support  equipment. 


The  Operating  expenditures  resource  category  may  be  associated  di rectly 
with  the  Food  and  the  Light  Industry  sectors  from  the  standocint  of  food  for 
military  personnel,  personal  equipment,  medical  care,  and  travel.  This 
category  may  also  be  associated  with  tne: 

•  Food  and  the  Light  Industry  sectors  from  the  standpoint,  of 
military  pay  and  allowances,  retirement  pay,  and  the  wages 
and  salaries  of  civilian  personnel --but  only  indirectly 
after  these  wages  and  salaries  are  spent;20s 

•  Fuel s  and  Chemicals  and  Petrochemi cals  sectors  for  the 
purchase  of  petroleum,  lubiicants,  and  utilities  required 
for  the  maintenance  of  equipment  and  facilities; 

•  Transportation  and  Communications  sector  for  the  leasing 
of  communications  equipment. 


The  RDT&E  expenditures  resource  category  may  be  generally  associated 
with  the  Machine-Building  and  Metalworking  sectors  for  the  prototypes  of 
new  equipment.  This  category  may  also  be  associated  with  the: 

•  Fuels  and  the  Chemicals  and  Petrochemicals  sectors  for  the 
purcnase  of  materiel  inputs; 

•  Food  and  Light  Industry  sectors  from  the  standpoint  of 
wages  and  social  insurance--but  again,  only  Indirectly 
after  this  compensation  is  spent; 

•  Construction  sector  for  the  building  of  new  plant  and 
equipment  facilities. 


The  foregoing  general  description  of  the  functional  relationships 
between  each  resource  expenditure  category  and  various  sectors  of  the  Soviet 
economy  is  summarized  in  Table  3.5.  The  zero  entries  indicate  those  sectors 

Alternative  assumptions  with  respect  to  tne  consumption  pattern  or  wages, 
salaries,  and  ot.ner  compensation  between  the  Food  and  Light  Industry  sectors 
will  be  discussed  later  in  this  section  of  the  summary  report. 
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Table  3.5  A  Summary  of  the  General  Disaggregation  of  Estimated 
Soviet  Defense  Spending  by  Resource  Expenditure 
Category  and  Economic  Sector  207 


1  1  2 

3 

A 

5 

1 

Resource  Categories 

iconomtc  Sectors 

Investment 

Operating 
Expendi tures 

(4> 

RDTSE 

Row  Sum 

4  V 

Number 

Activity 

Expend! tures 

(4 

Expendi tures 

(4> 

1 

Agriculture 

0 

0 

0 

2 

fuels  (i.e. ,  electric 
power,  coal,  oil  ana 
gas) 

0 

4 

z2t 

4*4 

s 

3 

Petals  (i.e.,  ferrous 
and  non-ferrous) 

0 

0 

0 

0 

1  4 

Machinery  and  Equip¬ 
ment  (i.e.,  macnine- 
Pui Iding) 

4 

0 

4 

4*  4  ! 

1 

!  5 

1 

Otner  Machinery  and 
Equipment  (i.e., 
metalworking) 

4 

0 

'St 

1 

4*  4 

1  6 

Construction 

Materials 

0 

0 

0 

0  i 

7 

Chemicals  and 
Petrochemicals 

0 

4 

4 

i  „i 

y7t  z7t  i 

3 

Pood  Industry 

0 

4 

z3t 

i  i 

ySt*zSt 

9 

Ught  Industry 

0 

4 

4 

y9t*z9t 

10 

Construction 

x10t 

0 

z10t 

i  i 

Mot"  : 

11 

Transport  and 

Coimiuni  cations 

■'lit 

ylit 

0 

. 

"ut^ut 

'  12 

Trade  anc 
distribution 

0 

0 

0 

3  i 

Column  Sum 

x1. 

•w 

4 

jl 

1  i  i  ~ 

\t,y.:*z.t  *  3it: 

Definitions  of  the  sums  of  the  columns  in  TaOIe  3.5  are  as  follows: 
t  Column  2;  x' .  *  Xjt*xl t+xlgt*xj  ^  is  the  estimated  portion  of  Soviet  USE  allocated 
•or  Investment  axoenai cure's  oy'the  ith  estimating  technique  in  time  oerioa  t. 

•  Column  3:  /„  *  yjt*yit*ygt*ygt*y! is  the  estimated  oortion  of  Soviet  NSE  alloca¬ 
ted  for  Joeratlng'axpendi tures  oy't.ne  ith  estimating  technique  in  time  oer’od  t. 

•  Column  A,  z\  *  's  :"e  JS£'l",ateJ  Portion  of  Soviet  NSE 

allocatea  for  AOTSE  expenditures  oy  the  ith  estimating  technique  in  time  period  t. 

•  Column  5i  0..  *  x’.-y'.-z'.  is  total  level  of  Soviet  ‘1SE.  *mcn  is  the  sum  of  the: 

-  Tiree  aggregate  -esource  exoenditure  categor’es,  or 

-  'waive  aggregate  economic  sectors,  or 

-  Sixteen  identified,  disaggregated  resource  exoenditure  categories  oy  economic 
sec:ors--oiscountmg  the  twenty  negligible  entr’es  'oentifieo  ov  -eons  of  a  cero. 


i  o.  ,'t r v,  c n  6r u '  t  vi?'“  s  ?.  **f  ,  ccns'^^^ec  ~o 

nee .  i  gi  o .  a . As  -ay  ce  ooservec,  on!;,  -our  o*  toe  twelve  sectors 
con:a;n  zero  entries  for  ail  tnree  resource  e  oeno:  tare  cate  :o>-ies--  -a  -e 


sector  . 
Sector  3 
Sector  5 
Sector  13 


Agriculture . 

vetals  ; ferrous  and  non-ferrous'1 , 
Construction  Materials,  and 
’race  ana  Distribution. 


'he  explanation  for  these  zero  entries  in  Column  5  of  'able  3.5  is  tnat  e a c r 
of  tn.ese  four  economic  sectors  represents  cor’ nant  intersectoral  inputs  into 
four  other  economic  sectors  whicn  absorb  trie  d ~  re c t  mi  1  i tar;,  purchases.  For 
example,  the  Agricultural  sector  provides  the  go-  : nan:  intersectoral  input 


into  the  rood  se:tor--wn- cn  " 
wnerein  the  Agricultural  row 


veri riec  in 
Jlier  for  tne 


,rn 


nultiDliers  in  Row  1  or  Column  3  of  Table  6-1,  except  tneir 


■wn 


r.u  ■ : ' 


o  i  lers . 


In  a  similar  fashion,  the  Vetals  sector  represents tne  dominant 


intersectoral  input  into  the  Macni ne-8ui 1 di ng  and  Metalworking  (MBMk) 
composite  sector  (i.e.,  sectors  4  and  5)--which  is  also  verified  in  Table 
B- 1  of  Appendix  B  wherein  the  Metals  row  multipliers  for  Columns  4  and  5 
exceed  all  otner  multipliers  in  Row  3  or  in  Columns  4  and  5,  expect  their 
"own"  multipliers.  In  the  same  way,  tne  Construction  Materials  sector  repre¬ 
sents  th  comi nant  intersectoral  input  into  tne  Construction  sector--wrr cn 
is  again  verified  in  Taole  S-l  of  Appendix  5  wnerein  the  Construction  Materia 
row  multiplier  for  tne  Construction  column  exceeds  all  otner  multipliers  in 


For  purposes  of  this  analysis  of  Soviet  resource  allocation  ana  in  li 
the  sample  data  presented  in  Tables  8-~a,  3-7b,  B-8a,  and  3- 3b  of  Apo 
B,  a  negligible  level  of  expenditures  is  defined  as  less  than  3.-  of  tne 
total  estimated  Soviet  NSE. 

07 

'he  Agricultural  row  multiplier  for  Food  in  producer's  prices  is  3.3513, 
clearly  dominates  all  of  tne  entries  in  Row  l--e\cept  that  for  Agriculture 
In  addition,  it  clearly  dominates  all  of  the  entries  in  Column  3--e\ceo:  t 
for  Food,  'he  same  dominance  c.naracteristics  are  also  reflected  m  "ac’e 
but,  in  purchaser's  prices,  tne  multiplier  -s  only  C.c4C3. 


ft  'Cj 


Row  6  of  Column  10,  except  tneir  'own  multipliers". 


CCS 


The  foregoing  explanation  of  dominant  intersectoral  inputs  does  not 
apoly  to  the  Trade  and  Distribution  sector  because  t.ne  Soviet  Armed  Forces 
nave  tneir  own  facilities  for  handling  goods  and  services  required  for 
military  purposes,  so  tnere  are  no  di rect  mi  1  i tary  expenditures  in  t.ne  Trade 
and  Distribution  sector.  However,  this  sector  is  affected  indirectly  by 
Soviet  defense  spending,  as  are  all  of  the  other  sectors,  in  terms  of  the 
input-output  requi rements  among  the  12  sectors.  To  recapi tul ate ,  since 
Agriculture  is  dominated  by  the  Food  sector,  Metals  is  dominated  by  the  MBMW 
composite  sector,  and  Construction  Materials  is  dominated  by  the  Construction 
sector,  then  nine  of  the  twenty  zero  entries  in  Columns  2,  3,  and  4  of 
Table  3.5  reflect  this  dominance  characteristic.  On  tne  ot.ner  hand,  tne 
three  zero  entries  for  the  Trade  and  Distribution  sector  and  the  remaining 
eight  zero  entries  in  Columns  2,  3,  and  4  of  Table  3.5  reflect  the  lack  of 
direct  military  expenditures  in  those  respective  sectors.  For  example,  the 
Fuels,  Chemicals,  Food,  and  Light  Industry  sectors  will  not  be  involved  in 
Investment  expenditures,  but  they  are  involved  in  Operating  and  RDT&E 
expenditures.  Similarly,  the  Machine-Building,  Metalworking,  and  Construction 
sectors  will  not  be  involved  in  ODerating  expendi tures,  but  they  will  be 
involved  in  Investment  and  RDT&E  expenditures.  Finally,  the  Transport  and 
Communication  sector  is  not  particularly  involved  in  RDT&E  expenditures,  but 
it  is  involved  in  Investment  and  Operating  expenditures.  These  zero  entries 
in  Columns  2,  3,  and  4  of  Table  3.5  will  greatly  simplify  the  analyst's  task 
of  disaggregating  the  total  estimated  level  of  Soviet  NSE  into  three  resource 
expenditure  categories  (x1  ,  y1.,  and  z1  )  and  then  into  sixteen  micro  level 

.  t  .  L  .  U  .j  • 

resource  expenditure  categories  by  economic  sectors  (i.e.,  4x,.v,  5y..,  and 
i  J  t  j  t 

7z.J.  Inasmuch  as  the  distribution  of  Soviet  NSE  (excluding  RDT&E  expenditures' 

J  t 

?08 

The  Metals  row  multipliers  for  Machine-Building  and  for  Metalworking  in 
Table  3-2  in  producer's  prices  ate  0.2774  and  0.3755,  respectively.  These 
values  clearly  dominate  all  of  the  entries  in  Row  3,  except  that  for  Metals, 
and  they  clearly  dominate  all  of  the  entries  in  Col umns 4  and  5 ,  except  that  for 
composite  MBMW  in  Rows  4  and  5.  The  same  dominance  characteri Stic-  are  also 
reflected  in  Table  3-34  but,  in  ourchaser's  prices,  tne  multipliers  are  only 
0.2693  and  0.3597,  respectively.  The  Construction  Materials  row  multiplier 
'or  Construction  in  Table  B-I  is  0.34S5,  which  clearly  dominates  ail  entries 
in  Row  6,  except  that  for  Construction  Materials.  It  also  clearly  dominates 
all  entries  in  Column  10,  except  that  for  Construction,  "he  same  dominance 
characteristics  are  also  reflected  in  Table  3-34  ano,  in  purchaser's  prices, 
the  multiplier  is  almost  identical  to  tnat  in  producer's  prices  te . g . ,  0.3491 


tne 


164 


AD-A076  280  GENERAL  ELECTRIC  CO  WASHINGTON  D  C  TEMPO  F/G  5/3 

THE  ANALYSIS  OF  METHODOLOGIES  AND  TECHNIQUES  FOR  ESTIMATING  SOV~ETC< 
JUN  79  G  C  MCMEEKIN  »  R  D  MINCKLER  N00014-77-C-0676 

UNCLASSIFIED  GE78TMP-43  NL 


3  of  4 


involves  'line  sectors  wnicft,  with  the  exception  of  Transport  arc  Cornjni  cat  ions 
ire  mutually  exclusive  with  respect  to  Investment  and  Operating  expenditures, 
it  is  appropriate  to  initially  focus  -pen  the  sectoral  disaggregation 
represented  oy  x.  t  yl.  for  j  =  1 .  12  sectors.  Tne  distribution  of  RuTiE 

J  L  j  w 

expenditures  among  the  seven  sectors  identified  in  Column  4  of  Table  3.5  may 
be  added  to  the  foregoing  initial  distribution  in  order  to  produce  tne  sectoral 
disaggregation  of  Soviet  NSE,  including  RDT&E  expenditures  ,  for  the  period  t  wi  t.n  tne  i th 
estimation  technique.  In  this  context,  it  snould  be  noted  that  Sill  Lee's  data 
in  Tables  B- 7a  and  B- 7b  of  Appendix  3,  as  well  as  Stanley  Cohn's  data  in 
Tables  B-3a  and  3-3b,  were  obtained  in  this  manner.  Unfortunately ,  the 
sectoral  disaggregation  rules  reflected  in  Table  3.5  were  not  completely  satis¬ 
fied  by  either  Bill  Lee  or  Stanley  Conn  for  the  following  reasons: 

i  i 

•  In  Bill  Lee's  case,  he  understates  the  y0  and  yg.  entries  in 
Table  3.5  oecause  military  pay,  allowances,  and  retirement 
expenditures  were  net  included.  Only  tne  estimated  Soviet 
expenditures  on  military  food,  personal  equipment,  medical 
C3re,  and  travel  are  included  in  tne  yi  and  y^  entries. 

Moreover,  Bill  Lee  does  not  estimate  the  xj„.  and  yj , . 

-  1 1  £  J  1  It 

entries  for  iransport  and  Communication  expenditures 

separately  in  Table  3.5.  finally,  Bill  Lee  does  not  estimate 

the  Zgt  and  z^  entries  in  Table  3.5  because  all  wages  and 

social  insurance  expenditures  for  RDT&E  personnel  have  peen 

omitted,  as  indicated  in  Table  3- 7b  of  Appenoix  3.-99  These 

methodological  inconsistencies  in  Bill  Lee's  disaggregation  5 

of  his  estimated  level  of  Soviet  MSE  by  economic  sector 

reflects  the  need  for  the  general  disaggregation  rules  utilized 

in  Table  3.5.  It  should  also  be  noted  that,  even  when  the 

disaggregation  rules  utilized  in  this  summary  report  are 

satisfied,  the  possibilities  of  information  errors  in 

estimated  values  of  xt  yi  ,  and  zlt  still  exist. 

j  t  j  t  x  ■ 

•  In  Stanley  Cohn's  case,  violation  of  tne  general  disaggregation 
rules  is  more  subtle  as  may  be  revealed  by  an  examination . of 
Tables  B-3a  and  8-8b  in  Appendix  3.  First,  tne  yL  and  zjt 

entries  for  the  Chemicals  and  Petrochemicals  sector  are  not 
separately  estimated  and,  seepnd,  the  and  entries  for 
the  Fuels  sector  are  unusually  high  by  comparison  with  the 


These  apparent  violations  of  the  "disaggregation  rules"  utilized  in  this 
summary  report  nave  been  inferred  on  the  oasis  of  data  presented  in  "acle 
A- I  and  statements  on  page  5  of  Steven  Rosafielde's  draft  caper  on  A 
Preliminary  Het  Assessment  of  the  Civilian  Labor  Force  Devoted  to  tne 
Production  of  Defense  Goods  in  the  United  States  and  tne  Soviet  -Jn'on, 
jE-T&VPO  3E  76  TMP-54S,  October  1577. 
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same  entries  in  Tables  B-7a  and  B-7b.  It  is  therefore 
hypothesized  that  Stanley  Conn  overstated  the  yl  „  anti  -L 

———————  CL  J  t 

entries  in  Table  3.5  by  including  the  yit  and  z 1  entries 

and  effectively  combining  the  fuels  and  the  Chemicals 
sectors  into  a  single  composite  sector.  Thirdly,  the  food 
and  Light  Industry  sectors  reflect  alternative  assumptions 
with  regard  to  the  distribution  of  spending  for  food  and 
non-food  items  by  those  who  receive  military  pay,  allowances, 
retirement  pay,  wages,  and  social  insurance.  A  recent 
empirical  study  of  Soviet  consumption  patterns  reveals  the 
following  percentage  distributions  of  all  Soviet  consumption 
expenditures  for  the  year  1970:  210 

-  food  sector:  49  percent, 

-  Light  Industry  sector:  27  percent,  and 

-  Services:  24  percent. 

Because  services  are  not  expl ici tly  represented  in  Table  3.5, 
one  hypothesis  is  that  the  long-run  expenditure  "feedback" 
into  the  food  and  Light  Industry  sectors  from  initial  expen¬ 
ditures  on  services  will  yield  the  following  consumption 
pattern:  211 

-  Food  sector:  64  percent,  and 

-  Light  Industry  sector:  36  percent. 

An  alternative  hypothesis  is  that  Soviet  military  personnel  tend 
to  spend  a  smaller  percentage  of  their  pay  on  food  than  do  civi¬ 
lian  personnel  because  Soviet  military  personnel  already  receive 
food,  personal  equipment,  and  medical  care  as  fringe  benefits. 
Therefore,  it  may  reasonably  be  inferred  that  Soviet  military 
personnel  will  spend  a  larger  percentage  of  their  pay  on  non-food 
items  than  do  civilian  personnel.  Consequently,  an  alternative 
consumption  pattern  is  as  follows:  212 

-  Food  sector:  50  percent,  and 

-  Light  Industry  sector:  50  percent. 

Both  of  these  alternative  hypotheses  are  included  in  Stanley  Cohn's 
sectoral  disaggregation  of  his  estimates  for  Soviet  NSE  in  Tables 
B-8a  and  B-8b  of  Appendix  8. 

u.E.  Schroeder  and  B.S.  Severin,  "Soviet  Consumption  and  Income  Policies  in 
Perspective,"  Joint  Economic  Committee  report,  October  1976,  Table  3, 
pages  649-650. 

The  long-run  expenditure  multiplier  for  services  [i.e.,  1/ ( 1 . - . 24 )  =  1 . 3 lo ] 
multiplied  by  the  original  percentage  for  Food  expenditures  and  the  percen¬ 
tage  for  Light  Industry  expenditures  produces  the  feedback  percentage 
[i.e.,  ( 1 . 316 ) ( . 49 )* . 64  and  ( 1 . 316) ( .27)*. 36] . 

The  formal  justification  for  this  alternative  hypothesis  is  that  the  original 
distribution  of  all  Soviet  consumption  expenditures  for  Soviet  military  per¬ 
sonnel  is  as  follows:  Food  sector--38  percent ,  Light  Industry  sector--33  percent 
Services--24  percent.  Consequently,  the  long-run  expenditure  multiplier  for 
services  [i.e.,  1/(1. -.24) *1.3 16]  multiplied  by  the  equal  expenditure  percen¬ 
tage  for  Food  and  for  Light  Industry  produce  tne  feedback  percentages  [i.e., 

( 1. 316) ( . 38)*( . 50) ] . 


•n»w|-iirti  rn  i>  irTu~1 
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4  Demonstration  of  the  3enerai  Disaggregation  Rules 


Aoplication  o*  the  genera’  disaggregati  .n  -dies  ''Elected  in  Tat  !■?  3.  5 
nay  oe  demonstrated  by  distributing  tne  CIA  direct  costing  estimate  of  Soviet 
USE  *or  1970  among  the  twelve  Soviet  economic  sectors  listed  in  Column  1  or 
the  same  table.  Moreover,  inasmuch  as  tne  CIA  nas  defined  Investment,  Operating, 
and  RDTSE  expend i  t tires  as  principal  resource  categories ,  they  wi  1 1  also  be  used  in  tne 
estimation  or  the  sixteen  disaggregated  resource  expenditure  categories  identified 
in  Columns  2,  3,  and  4  of  Table  3.5.  The  direct  costing  estimate  of  Soviet 
USE  for  the  year  1970  is  defined  by  the  CIA  as  follows: 


In  this  report,  two  possible  definitions  are  postulated.  Using  a 
definition  which  encompasses  a  range  cf  activities  comparable  to 
those  included  in  the  US  budgetary  definition  of  defense,  it  is 
estimated  that  the  USSR  spent  some  40-45  billion  rubles  in  1970 
and  that  in  1975  total  outlays  for  these  purposes  nad  risen  to 
50-55  billion  rubles,  measured  in  constant  19. M  rubles,  under 
a  broader  defini tion--one  whicn  the  Soviets  might  use  and  which 
would  include  additional  mi  1 i tary-ope rated  programs  such  as  the 
entire  space  program- - i t  is  estimated  that  total  defense  spending 
amounted  to  45-50  billion  rubles  in  1970  and  rose  to  55-60  billion 
rubles  in  1975.  212 


The  purpose  of  this  demonstration  of  the  numerical  implementation  of 
the  general  disaggregation  rules  using  the  unclassified  information  for  the 
year  1970  presented  in  CIA's  unclassified  report  cited  in  Footnote  212  is  to 
develop  a  possible  time  series  sectoral  disaggregation  of  Soviet  NSE  for  tne 
period  1967-1977  based  upon  CIA's  recent  unclassified  report  cited  in  Footnote 
203.  For  purposes  of  this  demonstration,  the  narrow  definition  of  Soviet 
defense  spending  for  the  year  1970  will  be  used  with  the  low,  middle,  and  high 

estimates  of  07(.  equal  to  40.0,  42.5,  and  45.0,  respectively.  In  this  context, 

1  213 

estimates  of  the  Column  Sums  in  Table  3.5  are  as  rollows:1" 


•  \'r  =  54  percent  of  0-t  for  Investment  Expenditures, 

•  y\  -  26  percent  of  for  Operating  Expenditures,  and 

•  :  .  -  20  percent  of  D-t  for  ROT. it  Expenditures. 


-  I  J 


Op.  Ci  t. ,  CIA's  report  on  Estimated  Soviet  Oe-'ense  Spenoino  in  Rubies. 

1970-  1975  .  SR  76-101210,  page  7. 

Ibid.,  page  13.  ':ie$e  estimates  are  based  upon  the  "wider  definition  o‘ 
Investment  and  the  "narrower  definition"  of  0perating_Expendi  tures  .lescr'be'. 

in  Footnote  204.  The  original  estimates  were  x  *  y  .  jq  oero^nr  and 
7  '  •  v  .  t 

z\  -  20  percent. 

•  v* 
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The  term  a'  ,  which  corresponds  to  54«  of  ( i . e .  ,  the  estimated  Soviet 
Investment  Expenditures  related  to  NSE),  may  now  be  disaggregated  into  its 
four  component  elements  as  follows: 

7 


-  16.5  percent  of  D,^, 
x't  3  30.5  percent  of  07  , 

x10t  *  4  Percenf  of"  D7t»  and 
xju  =  3  percent  of  D7t- 


|  1 

Derivation  of  the  foregoing  estimates  may  be  summarized  as  follows: 

*  xjt  reflects  one-half  of  the  33  percent  procurement  of 
new  weapons; 

*  x5t  ref^ects  the  otfier  one-half  of  the  33  percent  procurement 

of  new  weapons,  plus  the  spare  parts  required  to  maintain  the 
stocks  of  weapons  and  equipment;  but  inasmuch  as  spare  parts 
represent  35  percent  of  Operating  Expenditures,  then  35  percent 
of  the  40  percent  cited  in  Footnote  213  is  actually  14  percent 
of  D?t; 

*  x10t  re1^ects  the  construction  of  facilities,  for  which  10 
percent  of  the  40  percent  previously  cited  is  4  percent  of 


D/t ;  and 


7  7 


*  x i it  is  comPutecl  as  a  residual  where  xllt3  j  x  t"x4t*x5t’x10t  1 ' 

Similarly,  the  term  y ^  ,  which  corresponds  to  26  percent  of  D^  (i.e.,  the 

estimated  Soviet  Operating  Expenditures  related  to  NSE),  may  be  disaggregated 

214 

into  the  five  component  elements  as  follows: 


•  y^t  3  2  or  3  percent  of  D7t> 

•  y7(.  3  2  or  3  percent  of  D7t, 

•  ygt  *  10  or  11  percent  of  D7t, 

•  y^t  3  10  or  9  percent  of  D,t, 


and 


y,^t  3  less  than  2  percent  of  0?t. 


TW 


Ibid. ,  pages  13  and  15. 
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derivation  of  tne  foregoing  estimates  r.ay  oe  Summarizea  as  follows: 

•  InasrrL.cn  as  Ocerating  E:vpencitures  consist  of  one-naif 
personnel  costs  ar.o  the  other  na 1  r'  non-personnel  costs, 

then  20  cercent  o*  3-,  constitute  personnel  costs  -.e.,or- : ; r. a 
estimates,;  - 

•  If  military  pay  and  allowances  are  less  t.nan  naif  of  the 
personnel  costs  (i.e.,  2/5  of  20  oercent  of  Q,f)  ana  if 

military  food,  oersonal  equipment,  medical  care,  and  travel 
are  .to re  tnan  naif  of  personnel _costs  , i.e.,  3/5  of  20 
percent  of  then  and  yg.  will  aepena  upon  a 

hypothetical  division  of  the  expenditure  of  military  pay 
and  allowances  between  tne  Food  and  Lignt  Industry  sectors 
in  the  long  run; 

t  Because  a  hypothesized  division  of,  say,  54  oercent/36 
percent  will  only  influence  2,5  of  20  percent  of  D-,.  (i.e., 
the  remaining  3/5  of  20  percent  of  D-,„  may  De  assumed  to  oe 
equally  divided  petween  tne  Focc  and  Lignt  Industry  sectors', 
tnen  the  range  of  values  for  y.  will  oe  from  10  to  il  percent 
of  0  [i.e.,  ( . 50) ( .4) ( .2)  +  ?. 50) ( .6 ) ( .2)  versus  ( .64 , ( .4 } ( .2) 

/  L  n 

*  ( .  50)  ( .6)  ( .2)]  and  tne  range  of  values  for  y^  will  be  from 
10  to  9  percent  of  Q7t  [i.e.,  ( . 50) ( ,4)( .2)  +  ( .50) ( .6) ( .2) 
versus  ( . 36) ( . 4) ( .2)  +  ( .50) ( .6) ( .2)] ; 

•  Once  again,  since  20  percent  of  D7t  consists  of  non-personnel 
costs,  tnen  subtracting  x^t  (where  spare  parts  represent  14 
percent  of  will  yie’d  only  5  percent  of  0^t  for  distri¬ 
bution  among  y',  ,  yl^,  andy^,f  (i.e..  Fuels,  Chemicals,  and 
Transport  and  Communication.  ;  and 

•  Because  Fuels  $nd  Chemicals  will  acsorb  most  of  tnis  6  oercent 

of  0_„,  then  y(,f  may  be  considered  to  be  negligible  and 

/t  •'lit  J  7  7  215 

therefore  set  to  zero,  while  y-  may  be  assumed  to  equal  y-,..' 

L  L  /  t 

Final  ly,  the  term  z\,  which  corresponds  to  20  percent  of  0-^  ;i.e.,  the  estimated 
Soviet  RDTiE  Expenditures  related  to  NSE) ,  may  also  be  disaggregated  into  six 
of  its  seven  component  elements  as  follows:' 


?  1 Z 

"  These  assumptions  may  be  subject  to  change  on  the  basis  of  classified 
information. 

2 "  5 

Op.  Cit.,  William  T.  Lae,  Toe  Estimation  of  soviet  Cerense  expenditures. 
1955-1975:  An  Unconventional  Approach,  ~Taote  0.16,  oage  293. 
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•  zlt  =  less  than  2  percent  of  D,.  , 

•  24t4'25t  =  3  percent  of  0,  , 

•  z'j^  =  less  than  2  percent  of  D,^, 

•  2gt  =  3.3  or  4.2  percent  of  0-t> 

•  2gt  *  3.3  or  2.4  percent  of  0^,  and 

•  z,gt  =  4.4  percent  of  D^. 


Initially,  the  value  of  z  may  be  disaggregated  into  the  following  four  major 
components : 

y 

•  The  Wage  Bill  (i.e.,  32  percent),  which  corresponds  to  Zgt ; 
t  Prototypes  (i.e.,  40  percent),  which  corresponds  to  zl*zl.\ 

4t  3 1 

•  Investment  in  RSD  Plant  facilities  (i.e.,  22  percent),  wnicn 
corresponds  to  z7  ;  and 


•  Othe 
to  z 


C  Material  Inputs  (i.e.,  6  percent),  which  corresponds 
7  +  27  216 


2t 


7t 


The  foregoing  percentages  are  estimated  for  the  year  1970,  whereas  the  value 
of  Zg^  in  the  Wage  Bill  component  is  estimated  separately  by  means  of  a 
hypothesized  64  percent/ 36  percent  division  of  the  expenditures  of  wages 
and  social  insurance  between  the  Food  and  light  Industry  sectors  over  the 
long  term.  The  other  end  point  in  the  range  of  values  Zgt  is  obtained  by 
means  of  a  hypothesized  50  percent/50  percent  division  of  these  expenditures. 
Therefore,  the  range  of  values  for  Zgt  will  be  from  3.3  to  4.2  percent  of  07^ 
[i.e.,  ( . 50) ( . 32) ( .2)  versus  ( .64) ( . 32) ( .2)] ,  and  the  range  of  values  for  z^ 
will  be  from  3.3  to  2.4  percent  of  D,t  [i.e.,  ( .50) ( .32) ( .2)  versus  (.36) 

( . 32 ) ( . 2 ) ] .  The  sum,  z^t  +  Zgt ,  is  then  estimated  directly  from  the  Prototypes 
component  as  8  percent  of  0,t  [i.e.,  (.4) (.2)].  Inasmuch  as  prototypes  may  be 
largely  confined  to  the  Machine-Building  sector,  then  zj.  will  be  almost  8 

7  9 1 741 

percent  of  D-,.  and  zL  may  be  considered  negligible. “  The  estimated  value 

/  t  J  v  y 

of  the  third  major  comoonent  of  z  ^  (i.e.,  Investment  in  R&D  Plant  facilities) 
is  4.4  percent  of  07.  [i.e.,  (.22)(.2)].  Finally,  the  estimated  value  of  zL. 

0p.  Cit.,  William  T.  lee. 

217 

Again,  subject  to  change  on  the  basis  of  classified  information. 
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is  0.  I  oil 

lion  i 

■  .pies 

•'or  tne  ,.ear  1970  ,  and 

tne  estimated  .al 

-e  for  i 

s 

0.3  oi ’ ' 10 

n  r,.o! 

les.  al 

’  so  *or  tne  ^ea’-  1970.'” 

3 

Inasmuch  as  pe¬ 

t.n  ;  .  anc  : 

ire  ’ess  t 

nan  3 

oercei 

it  of  3,  ,  they  nignt  a’ 

so  be  considered 

'j'’.  j  * 

and  set  to 

cero. 

mowever,  since  national  est 

imates  rave  oeen 

oo tamed  *or 

these  two 

terms , 

.  they 

should  oe  used,  despite 

t.nei  r  rel  at  i  vely 

small  nacm 

t  v.Ct? 

A  numerical  implementation  of  tne  foregoing  general  di saggregation  rules 
for  tne  year  1970,  oaseo  upon  an  „nc 1  ass ' • ’ eo  source  of  information  describing 
tne  CIA's  direct  costing  estimates,  is  presented  in  Ta&’e  3.6.  Altnougn  tnese 
general  disaggregation  rules  are  ;eant  to  provide  some  guidance  for  tne 
analyst,  tne  exact  percentage  of  3,,  to  oe  associateo  with  eacn  of  tne  resource 


expend! ture 

categories 

f  yjf 
judgment 

ano  z.  '  for  tne  jtn 

J  ^ 

economic  sector  will 

depend  upon 

the  analyst's 

and  the  information 

available,  however. 

-n  light  r' 

tnese  general 

rules  of 

disaggregation,  it  ■ 

is  possible  to  ~oci*y 

tne  original  di saggregation  of  Sill  Lee's  estimates  c*  Soviet  \SE  oresented 
in  Taoles  B-.'a  and  3- 7b  of  Appendix  S  for  tne  purpose  of  correcting  two  serious 
methodology  errors. 


3.6.3  Application  of  tne  General  Disaggregation  Rules 


Sill  Lee's  underestimate  of  expenditures  in  the  Food  and  Light  Industry 
sectors  may  be  corrected  oy  including  military  pay,  allowances,  all  wages  for 
RDTAE,  ana  social  insurance  expenditures.  These  categories  of  personnel 
compensation  may  then  be  divided  between  food  and  sort  goods  on  the  basis  of 
the  64  percent.  36  percent  hypot.nesis  or  the  50  percent/50  percent  Hypothesis. 

In  addition,  Sill  Lee's  overestimate  of  expenditures  in  the  Macnine-Suilding 
and  Metalworking  sectors  may  be  corrected  by  replacing  his  nigh  estaol i shment 
basis  estimates  r'or  weapons  procurement  with  his  lower  commodity  oasis  estimates 
Some  recent  empirical  evidence  oresented  by  Robert  J.  Abbott  and  identified  in 
Footnote  lid  on  oage  SO  of  this  summary  report  sucports  tne  replacement  o*'  Sill 
_ee's  establishment  basis  esci nates  witn  nis  commodity  bas;s  estimates  for 
Soviet  national  security  ;N$)  durables.  Based  upon  tnese  corrections ,  ed-^ed 


.  .0 


Od.  C i t . ,  Steven  Rosefielde,  3E-7EMP0  drar't  report  vGE  '6  7MP-546',  'able 
A-0,  oage  A-0.  These  national  estimates  we-e  developed  by  Sill  _ee  -'or 
Steven  Rosefielde. 


Table  3.6  A  Disaggregation  of  tne  direct  Costing  Estimate  for 
Soviet  National  Security  Expenditures  for  tne  Year- 
1970  by  Economic  Sector 
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Sources  of  tne  data  oresenteo  in  facie  3.6  ire  is  follows: 

•  Column  2  is  Cased  uoon  tne  general  disaggregation  rules  for  s'.  and  y,.  *itn  tne 

toattional  constraint  t!i*t  y, .  „  is  :ero  *n«n  3,*  is  40. 0  biUion  rubles. 

hi  i 

•  Column  3  fs„Jer'ved  '-om  the  entries  in  Column  C  olu$  tne  general  disaggregation 
rules  for  with  tne  additional  constraint  that  ::  is  ;ero  ..nen  J..  is  dC.J 

J  ^  J  t  v. 

Dilllon  r.joles. 

e  Column  4  is  oased  uoon  tne  general  disaggregation  -ules  'or  si  and  y,,  »'t,n  tne 
additional  constraint  tnat  y^.t  is  cero  »ften  J.,  is  42.5  oilllon  -uOlSs. 

•  -olumn  5  'S. derived  '•■C'm  tne  entr-es  In  Column  4  olu$  tne  general  disaggregation 
■••ules  for  j; t_  witn  the  additional  constraint  tnat  :jt  Is  cero  when  0.(  *s  42.0 

5i  11  ion  --uoles.  'ne  sectoral  disaggregation  -n  tnis  coluim  corresooncs  to  tne 
level  of  3.t  'or  tne  year  19 70  in  Coluim  to  of  fade  C.CC. 

e  CoUmn  6  is  Cased  uoon  tne  general  disaggreqation  rules  for  s,.  and  y,  ,  with  tne 
additional  constraint  tnat  y*j,.  is  ;ero  wnen  0..  is  45. 0  oil  Mon  -ucles. 

•  -ol-mn  ’  ’s. derived  •••om  tne  entries  "n  Coluim  5  olu$  tne  general  disacoregation 
-ules  ‘or  with  tne  additional  constraint  tnat  is  cero  wnen  3. '  -s  45.1 
3 i 1 1 1 on  -uOles. 

"'•e  entries  'or  *ne  cooo  ano  .ignt  Industrv  sectors  .«i  tnout  oare-theses  -efloct  :-e 
"vootnesi  s  tnat  -aces  and  social  insurance  ire  soent  54  oercsnt  on  'ood  ano  36  recent 
on  soft  goods,  'n  tne  otner  -and.  t-e  entr'es  'or  *nese  sectors  .i t.n  oarentneses 
-e''ect  --e  nyoot-esis  tnat  waoes  ino  social  -nsurincs  ire  scent  5'  ce-cent  on  -ood 
ind  50  oe-cent  on  soft  teocs. 
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estimates  of  Sill  _ee‘s  sectoral  disaggregation  o*  Soviet  \SE 
in  "aples  3.7  and  3.3. 

The  correction  of  Siil  Lee's  unae res ti mate  of  Sectors  3  ana  9  is  approx¬ 
imately  the  sare  magnitude  as  his  overestimate  of  Sectors  4  and  5.  This 
statement  may  be  confirmed  by  comparing  tne  Total  row  in  TaDles  3-7a  and  3.7, 
wherein  RQTSE  Expenditures  are  excluded,  as  well  as  tne  Total  row  in  Tables  B- 7b 
ana  3.3,  wherein  RDT&E  Expenditures  are  incl uded.  The  modified  estimates  of 
Soviet  NS E  by  sectors  in  Tables  3.7  and  3.3  not  only  are  complete  in  a  defini¬ 
tional  sense,  but  also  are  in  closer  agreement  with  Stanley  Conn's  estimates  of 
Soviet  NSE  by  sectors  in  Tables  3-3a  and  B-3b  in  Appendix  B. 

Now,  it  is  appropriate  to  re-examine  Steven  Rosefielde's  preliminary  con¬ 
clusions  based  upon  his  computational  met.nodology,  which  is  described  in 
Appendix  3,  and  Bill  Lee's  original  estimates  of  Soviet  NSE  by  sectors  in  Tables 
B-7a  and  B- 7b  in  Appendix  B.  The  revisions  in  these  sectoral  expenditure 
estimates  on  the  basis  of  the  general  di saggregation  rules  which  have  been 
presented  in  this  section  of  the  report  and  the  review  of  the  baseline  estimation 

methodologies  in  the  preceding  sectors  of  this  report  have  important  consequences 
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witn  respect  to  Steven  Rosefielde's  results.  In  addition,  the  extension  of 
the  Soviet  burden  analysis  to  capital  resources  provides  a  more  complete  evalua¬ 
tion  of  the  burden  of  Soviet  NSE  upon  all  resources.  In  this  context,  Steven 
Rosefielde  provides  the  following  summary  in  his  draft  report: 

To  summarize,  the  preliminary  phase  of  this  research  on  the  magnitude 
and  structure  of  civilian  Soviet  manpower  employed  in  defense  produc¬ 
tion  has  revealed  that: 

t  The  input-output  approach,  which  has  been  defined, is  feasible; 

«  In  1970  (the  year  in  which  the  estimate  of  Soviet  NSE  is  consi¬ 
dered  to  be  most  accurate),  some  8.7  million  manyears  were 
devoted  to  the  production  of  defense  (excluding  RDT&E)  ana  11.9 
million  manyears  (including  RDT&E); 

•  The  Soviet  civilian  labor  force  engaged  in  defense  production  has 
expanded  7.3  percent  annually;  and 

•  The  increased  share  of  weapons  in  defense  procurement  has  caused 
a  modest  economy  with  respect  t 
tne  total  defense  procurement. 

p  ^  f* 

“  The  original  CIA  sectoral  estimates  of  Soviet  NSE  for  1970,  which  were 
prepared  oy  Bill  Lee  as  inputs  to  Steven  Rosefielde's  draft  report  (GE  76 
TMP-548),  were  incorrectly  used  and  have  been  revised  as  reflected  in  Table  3.6. 

Op.  C i t . ,  Steven  Rosefielde,  GE-TEMPQ  draft  report  (GE  76  TMP-548),  page  13. 
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Table  3.7  Modified  Estimates  of  tne  Magnitude  and  Percentage 
Composition  of  Soviet  NSE  Utilizing  tne  Production 
Residual  Estimation  Techm que  xCommodi  ty  Basis)  and 
Excluding  RDT&E  Expenditures 

(billions  of  1966  rubles) 
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Sources  of  the  data  presented  in  Table  3.7  are  as  follows: 


•  Rows  1-3,  6,  7,  and  10-12  are  identical  to  the  corresponding  rows  in  Table  B-7a  of 
Appendix  B  for  Columns  2-7.  Columns  8-13  represent  the  percentage  composition  of  the 
magnitudes  provided  in  the  Total  row  for  Columns  2-7. 

•  Rows  4  and  5  use  the  commodity  basis  estimates  in  Table  4.7  of  Bill  Lee's  book  (i.e., 
upper-bound  values  in  1967  prices  for  Commodity  NS  durables),  wnere  x|  represents  one- 

half  of  these  procurement  estimates  and  represents  the  other  half  plus  spare  parts 
wnich  is  obtained  from  Bill  Lee's  Table  D.lO  in  1967  prices--after  subtracting  Sectors 
2,  7,  and  10  on  oage  285  of  his  book. 

•  Rows  8  and  9  use  the  estimates  of  pay  and  maintenance  of  Soviet  military  personnel  in 
Columns  1  and  2  of  Sill  Lee's  Table  D.4.  The  alternative  hypotheses  with  respect  to 
expenditures  of  wages  and  social  insurance  (i.e.,  64°c/36c  and  501/50“)  are  applied 
only  to  Column  1  of  Table  D.4  because  the  entries  in  Column  2  are  always  divided 
between  the  Food  and  Light  Industry  sectors  on  a  50»/50“  basis. 

The  entries  for  the  Food  and  Light  Industry  sectors  without  parentheses  reflect  the 
hypothesis  that  wages  and  social  insurance  are  spent  64:i  on  food  and  36%  on  soft  goods. 

On  the  other  hand,  the  entries  wi th  parentheses  reflect  the  hypothesis  that  wages  and 
social  insurance  are  spent  50“  on  food  and  50:1  on  soft  goods. 
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“"J  Sources  of  data  presented  in  "aole  3.3  are  as  follows: 

•  Sows  1-3,  6.  7,  and  10-12  are  identical  to  trie  corresponding  r0ws  in  "aole  3-’b  o' 
Appendix  3  for  Col  urns  2-'.  Odums  3-13  represent  tne  percentage  composition  of  tne 
magnitudes  provided  in  tne  Total  row  for  Columns  2-'. 

i  Sows  4  and  5  use  the  commodity  basis  procurement  estimates  from  Tade  3.7,  out  tne  SD'it 
material  inputs  from  Column  2  of  'able  0.16  ,paoe  2931  in  Sill  _ee's  Oock  are  added  to 
Sow  4  after  tney  have  been  deflated  to  1966  prices. 

•  Sows  3  and  9  use  the  estimated  military  RDTiE  expenditures  from  Column  4  of  ’able  0.17 
in  3111  Lee's  book.  The  alternative  hypotheses  with  respect  to  tne  expenditures  of 
wages  and  social  insurance  (i.e.,  641-/ 36.-  and  50.  50  -1  may  be  applied  to  tne  d  -~*erence 
between  tne  estimated  SDTiE  expenditures  and  the  sum  of  the  SOTsE  expenditures  *or 
each  year  in  ’able  4-1  of  Appendix  4  of  the  GE-TEMP0  dr3r’t  report,  GE  '5  "VP-54B.  "his 
difference,  divided  in  accordance  with  the  foregoing  hypotheses  between  the  rceo  ana 
Light  Industry  sectors,  may  then  be  added  to  Sows  3  ana  9  in  Table  3.'. 

"he  entries  *‘or  t.ne  Food  ana  -ignt  Inaustrg  «<»■'  without  parentheses  reflect  tne 
hypothesis  tnat  wages  ana  social  insurance  are  spent  54  on  -ood  and  35  on  sod  cocos. 

In  the  other  -’and.  the  entries  w i t n  parentheses  reflect  the  hypothesis  tnat  wages  arc 
social  insurance  are  spent  502  on  -'ooo  and  50  on  soft  goods. 
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The  feasioi 1 i t/  of  Steven  Rosefielde's  input-output  approach  has  Deen 
reinforced  by  the  expanded  methodology  provided  in  Appendix  3  for  a  genera¬ 
lized  Purden  analysis  of  Soviet  MS E .  This  statement  will  oe  demonstrated  by 
expanding  the  six  tables  of  data  originally  provided  py  Steven  Rosefielae  to 
include  the  following  additions,  corrections,  and  changes: 

•  The  value  of  tne  Soviet  capital  stock  involved  in  the 
production  of  defense  goods  nas  Deen  introduced  into 
the  analysis ; 

•  The  methodology  errors  associated  with  the  original 
sectoral  disaggregation  of  Bill  Lee's  and  the  CIA's 
estimates  of  Soviet  USE  have  been  corrected; 

•  The  new  information  reflected  in  Stanley  Conn's  sectoral 
disaggregation  of  Soviet  USE  greatly  alters  Steven 
Rosefielde's  original  results;  and 

«  The  need  for  a  time  series  sectoral  disaggregation  of 
the  CIA's  estimates  of  Soviet  USE  is  evident. 


3.6.4  Civilian  Manpower  Engaged  in  Soviet  Defense  Production 

Tables  3.9  -  3.13  provide  the  basis  for  a  preliminary  evaluation  of 
the  aggregate  data  used  to  assess  the  civilian  manpower  engaged  in  Soviet 
defense  production.  As  may  be  readily  observed,  the  magni tude  of  the  civilian 
labor  force  employed  in  Soviet  defense  production  depends  crucially  upon  tne 
choice  of  baseline  estimation  techniques.  The  basic  manpower  time  trend  is 
also  influenced  by  the  choice  of  estimation  techniques,  as  well  as  by  the 
correction  of  previous  methodology  errors  on  the  basis  of  the  set  of  general 
disaggregation  rules  which  were  developed  in  this  section  of  the  report. 

Tables  3.9  -  3.13  also  provide  the  basis  for  an  initial  evaluation  of  the 
aggregate  data  used  to  assess  the  total  value  and  percentage  share  of  the 
total  capital  stock  utilized  in  Soviet  defense  production.  It  may  be  readily 
observed  that  the  magni tude  and  the  time  trend  of  the  Soviet  capital  resource 
utilized  in  Soviet  defense  production  depends  crucially  upon  the  choice  of 
baseline  estimation  techniques.  As  a  consequence,  Steven  Rosefielde's  preli¬ 
minary  conclusions  are  very  sensitive  to  the  estimation  technique  that  is  used. 
Moreover,  the  need  for  the  development  of  a  time  series  sectoral  disaggregation 
of  the  CIA's  direct  costing  estimates  of  Soviet  NSE  using  the  foregoing  general 


176 


disaggregation  rules  is  clearly  evident. 


Tables  3.9a  and  3.9b  provide  an  expansion  of  tne  aggregate  burcen  ratio 
taoles  originally  presented  oy  Steven  Rosefielde  with  tne  following  explanation: 

Column  1  of  both  tables  presents  data  on  Soviet  final  demand-- 
classified  according  to  socialist  practice  as  net  material  product 
valued  in  industrial  wnolesale  producers'  prices  (1S66).  Commen¬ 
cing  in  1966  at  a  level  of  194  billion  rubles,  Soviet  net  material 
product  increased  at  7. 53  annually  to  279  billion  rubles  in  1971. 

This  increase  was  more  rapid  than  the  analogous  growth  of  GNP  (as 
reflected  in  Tables  A- 3  and  A-6  of  Appendix  A  of  tne  GE-TEMPO 
draft  report),  which  gives  a  heavier  weight  to  agriculture,  food, 
and  light  industrial  products  valued  in  retail  prices.  However, 
despite  this  upward  NMP  bias,  Bill  Lee's  estimates  of  Soviet  NSE 
(as  reflected  in  Column  5  of  Tables  3.9a  and  3.9b  of  this  repor1-) 
grow  even  more  rapidly  (i.e.,  13.93)  with  the  result  that  the 
defense  share  of  NMP  increases  from  9.33  in  1966  to  13.lv  in  1971, 
i.e.,  6  .  oer  annum  (as  reflected  in  Column  10  of  Table  3.9a  of 
tnis  report).  Much  of  the  same  observations  apoly  to  Table  4 
(i.e..  Table  3.9b  of  this  report),  which  presents  estimates  of 
Soviet  NSE,  including  military  RDTSE.  The  major  difference  between 
Tables  3  ana  4  (i.e.,  Tables  3.9a  and  3.9b  in  this  report)  is 
the  level  ,  rather  than  the  trend,  in  defense  expenditures.  When 
military  RDT&E  is  included,  the  defense  share  of  NMP  increases 
by  approximately  one-third  which,  by  1971,  implies  a  very  high 
share  of  17.4%.  224 

The  modified  CIA  estimates  of  Soviet  NSE  for  the  year  1970  in  Column  4  of  Tables 
3.9a  and  3.9b  dramatically  illustrate  the  effects  of  correcting  the  previous 
methodology  errors  by  means  of  the  general  disaggregation  rules  in  Table  3.5. 
Bill  Lee's  modified  estimates  of  Soviet  NSE  in  Column  6  of  Tables  3.9a  and  3.9b 
increase  almost  as  rapidly  as  his  original  estimates  in  Column  5  (i.e.,  13.4% 
per  year  from  1966  to  1971).  Consequently,  Bill  Lee's  modified  defense  share 
of  NMP  increases  from  10.0%  in  1966  to  12.6%  in  1971,  as  reflected  in  Column  11 
of  Table  3.9a  without  military  RDTSE  expenditures,  and  increases  from  14.1% 
to  17.4%  for  the  same  period,  as  reflected  in  Column  11  of  Table  3.9b  with 
military  ROT&c  expenditures.  Therefore,  even  with  the  foregoing  corrections 

2?4 

Ibid.,  page  11;  underlining  and  parenthetical  references  to  the  various 
tables  in  GE- i TMPO  draft  report  (GE  76  TMP-54b)  and  this  summary  report 
have  been  added  for  emphasis  and  clarity,  respectively.  Inasmuch  as 
military  cay  is  spent  directly  in  the  Food  and  Light  Industry  sectors,  which 
dominate  the  Agricultural  sector,  then  the  inclusion  of  military  pay  in 
Soviet  sectoral  NSE  should  use  Soviet  GNP,  not  NNP,  tor  evaluation. 
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Tjblt?  3.9j 


The  Aggregate  Burden  of  Estimated  Soviet  NSE  by  Economic 
Sectors  Without  Military  RDTSL  Expenditures,  1966-1971  -25 
(billions  of  1966  rubles) 


2 

3 

3 

5 

{j 

} 

30 

u 

12 

* 

"otal  .et 
Mat»ria 1 

Estimated  Soviet 

(SE 

Estimated  aggregate  Sovet 

VSE  3ur  *.en 

Product 

Iriginal 

■loo  1  f  ied 

2n  xji  ni  1 

Modi  * i tfd 

S. aiilev 

Yi.jir»xl) 

’001  -ied 

7  rixjinal 

updi r ' od 

$  tan  ley 

,  VHP  > 

CIA 

x.  I/a 

Lee 

it*? 

Conn 

::a 

CIA 

l£t 

^ee 

Conn 

1966 

144 

v  14.1 

14 .  S 

14.35 

4.3*. 

10.01 

10..". 

Wot 

CIO 

01.3 

21.7  1 

01  45 

10. 4’. 

10 .  y. 

10 . 2  e 

’.963 

226 

26.1  j 

05.4 

04. '5  J 

1,0- 

1,5'.  1 

1,0. 

19b9 

C  38 

04.S  j 

04  l 

07.05 

l 

10.4. 

10. 0*. 

1,4\ 

1470 

262 

20.  3 

30.0  to 
36. 0 

3,3  1 

31.0  ' 

03 . 40 

"  8% 

10  0*  to 
13. 

10.1’. 

4  1.3  r 

10.3* 

;97l 

279 

J6.6 

35.0 

03  40 

13.  r. 

12 .6 'a 

10 . 3'. 

Table  3.9b 

The  Aggregate  Burden  or  Estimated  Soviet  NSE  by  Economic 
Sectors  With  Military  RDTiE  Expenditures,  1966-1971  2~5 
(billions  of  l9oo  rubles) 
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Sources  of  the  data  presented  in  '.idles  3.9a  and  3.4b  ore  is  follows 

•  'ol.iirn  3  lata  ire  extracted  'rom  'doles  0  ind  3  on  page  10  Of  the  uE* TEMPO  draft  report  \G£  lb  TMP-548)  previous' 
need,  'be  values  of  '/IP  ire  presented  in  industrial  wholesale  producers'  prices  v,)b6! 

t  pluirnsi  ind  S  data  are  also  extracted  from  f idles  j  and  4  or  the  GE-’EMPO  draft  report.  'He  oata  in  Column  S 
ire  1 1  so  e'lected  in  the  'oral  rows  jf  T.idles  3-’a  and  3-'b  of  appendix  a  of  this  report. 

•  loluflin  4  data  reflect  the  ’ow  and  hign  estimates  in  the  Column  Sum  row  of  '.idle  3.0 

•  loluitm  o  data  are  extracted  from  -he  Total  •■i'ws  in  Tables  3.'  and  3.3,  respectively. 

•  :pl  ,mn  '  iata  are  extracted  'rom  *ne  ’dtal  -ows  m  '.isle  .38- a  ind  38*  o  dr  appendix  3,  respective, 

•  ; o  1  ..nn a  3-.C,  wnten  ire  tenved  by  dividing  Columns  3- "  bv  olumn  C .  'especti -ely ,  ’•present  >ovat  economic 

burden  ratios  In  terms  of  NMP  Inasmuch  is  ’he  values  of  IMP  in  1'bb  industrial  wholesale  producer's  prices 

■•iv  re  obtained  by  nulttplving  Column  J  bv  l.C,  ’hen  all  at  these  aggregate  >SE  burien  ■  a r i os  n.av  je  nultiCeo 
py  333  so  as  to  oe  compatible  with  the  lonnai  NSE.  GNP  Purden  ratio  cjncept,  i.e.,  mle  1-  if  Aiinengi  >  3  m 
tins  iuiwiary  report )  instead  of  Me  NSE. 'PIP  oncept  utltlded  by  Steven  Aoseftelde. 

,ith  -eference  to  'he  1970  entries  in  loluims  I  aro  i  it  'able  3.  *a  ’he  -001  fled  13  •■stimate  it  V  .0- '0  0  or  '  ■ -n 
.pies  lo I  urn  i  is  obtained  toy  adding  I..3  Pillion  rubles  ’or  nalitarv  :onstruct1oii,  3.0  bi.lion  ■nOles  Mr  «i  Mn 

•a. .  and  *  3  pillion  -"loles  for  hissing  procurement '  *0  the  original  .3  estimate  of  soviet  .Sc  without  na '  »••• 

1 C '  •  E  expend  a  lures  in  Column  4  ■  e,  -M  1  0 1 1 1 1  ,-ra  rubles'  "he  '’isx’nq  'rncurement  j.**,,.*  ■  aceo  0  1 

o' sunders ’.andi  ng  or  written  gr',iisooiidetice  between  bill  or  uid  ‘ever  tosot'e.  :e  'O  ,ov  e.''pe  ■'  4,  r,  is  o  *  00 
■•1  Motnote  100. 
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or  Bill  tee's  original  estimates  of  Soviet  NSt  by  sectors,  nis  nodi  tied 
estimates  may  st-!!  be  cnaracterized  as  requiring  an  increasing  snare  or 
Soviet  NMP  over  time.  By  contrast,  Stanley  Conn's  esti  rates  of  Soviet  '.SE 
in  Column  7  of  Tables  3.3a  and  3.9b  increase  mucn  less  rapidly  than  Gill 
Lee's  modified  estimates  (i.e.  ,  only  7.6,  per  year  from  1966  to  1971).  As 
a  result,  Stanley  Cohn's  defense  share  of  NMP  remains  relatively  constant  from 
1966  to  1971  (i.e.,  10.0*  to  11.0  ,  as  reflected  in  Column  12  of  Table  3.9a 
without  military  RDT&E  expenditures),  and  remains  relatively  constant  at 
12.51,  as  reflected  in  Column  12  of  Table  3.9b  with  military  RUTSE  expenditures. 
Inasmuch  as  the  general  disaggregation  rules  have  been  satisfied  with  Stanley 
Cohn's  estimates  of  Soviet  NSE,  then  the  difference  in  Bill  I.ee's  estimates 
reflect  Possible  information  errors,  rather  than  methodology  errors.  Stanley 
Cohn's  estimates  of  Soviet  NSE  may  therefore  be  characterised  as  requiring  a 
constant  share  of  Soviet  NMP  over  time,  instead  of  an  increasing  share. ww 


Tables  3.10a  and  3.10b  provide  an  expansion  of  the  alternative  estimates 
of  Soviet  civilian  manpower  engaged  in  defense  production  which  are  explained 
by  Steven  Rosefielde  as  follows-. 

Tables  1  and  2  (i.e..  Tables  3.  10a  and  3.10b  of  this  report) 
reflect  the  numbers  of  Soviet  civilian  manpower  involved  in 
the  production  of  defense  goods--excluding  and  including 
military  RDT&E,  respecti vely .  Commencing  in  1966  with  a  civi¬ 
lian  labor  force  of  81.1  million  workers,  it  may  be  observed 
that,  on  the  basis  of  Bill  Lee's  mean  estimate  of  Soviet  NSE, 

6.6  million  workers  (as  reflected  in  Column  6  of  Table  3.10a 
of  this  report)  were  employed  in  Soviet  defense  production. 

This  implies  that  the  defense  snare  of  the  total  civilian 
work  force  was  3.2S  (as  reflected  by  the  figures  without 
parentheses  in  Table  3.10a  of  this  report).... 

During  the  period  1966-1971,  it  would  appear  that  civilian 
employment  in  the  Soviet  defense  production  sector  rose  at 
a  compound  annual  rate  of  7. 37i--i  .e. ,  from  6.6  to  9.4  million 
workers  (as  reflected  in  Column  6  of  Table  3.10a  of  this 
report).  This  rate  of  increase  directly  reflects  Sill  Lee's 
estimate  of  tne  growth  in  the  production  sector  of  Soviet  NSE, 
excluding  military  RDT&E,  of  13.9V  per  annum.  The  difference 
between  the  two  rates  may  be  explained  in  terms  of  increases 
factor  producti vi ty .  However,  these  growth  rates  appear  to 
be  somewhat  hion  and  may  require  some  further  consideration . 


6  •  „  , 
This  general  distinction  between  i  net-easi  no  or  cons  tant  snare  or  soviet 

NMP  or  GNP  may  oe  used  to  characterize  all  of  the  oaseline  estimation 

methodologies. 
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Taole  3. 10a 

Alternative  Estimates  of  the  Soviet  Civilian  Manpower  Engaged  in  Defense 
Production  by  Economic  Sectors  Without  Military  RDT&E  Expenditures,  1966-1971  L 


Sources  df  :ne  data  oresented  in  "ab les  3.  LCa  and  3.13b  are  as  follows: 

*  Coiumn  2  data  -i  thout  oarentneses  are  extracted  from  *.ibies  1  and  2  on  oage  9  of  the  jE-'Ei^PO  draft  -eoort  3E 
'6  ''•,P-546)  orevTousTy  cited.  "he  data  in  oarentneses  are  extracted  from  Taoles  11  and  12  on  paces  136- iC7  jr 
the  previously  cued  oaoer  oy  Murray  resnt>acn  and  Scepnen  Rioawv  pn  ‘Soviet  Population  and  Mancower  *-enas  ino 
Policies,'  in  the  J EC  report  on  the  Covet  Economy  ’n  \  'lew  :er necti ve .  Octocer  ’.4,  1975. 


ino  3  on  pace  3  of  the  12- 


•  loiumn  3  data  reflect  the  "otal  "ow  ’n  "dole  3-2  of  Appendix  3. 

•  lo  1  j.ms  4,  -3,  3  wd  11  data  without  parentheses  ire  extracted  from  "ables 

draft  ,*eoort  ,  3t  ’6  “MP-548)  previously  cited. 

•  luiurnn  5  data  ire  derived  ov  jsmg  loiumn  1 ,  3,  5  ina  '  oata  “Vom  "joie  3.5  in  Equation  8-14.  of  Acoenoi* 
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Tacle  2  (i.e.,  Table  3.10b  of  this  report)  presents  a  similar 
estimate,  but  military  RDTAE  is  included.  The  estimate  of 
civilian  manpower  engaged  in  defense  production  in  1966, 
cased  upon  Bill  Lee's  estimate  of  Soviet  USE,  is  3.9  million, 
which  is  approximately  11  of  tne  total  civilian  work  force... 

As  was  the  case  with  figures  presented  in  Table  1  (i.e., 

Table  3.  10a  of  this  report),  it  woulo  appear  that  the  civilian 
employment  in  the  Soviet  defense  production  sector  rose  at  a 
rate  of  sligntly  more  than  7%  per  annum  (i.e.,  7.2.)  between 
1966  and  1971,  wnile  growth  in  the  production  sector  of  Soviet 
NSE  was  in  excess  of  13%  (i.e.,  13.4.).  Thus,  although  the 
level  of  botn  Soviet  NS E  and  civilian  manpower  engaged  in 
defense  production  is  substantially  higher  wnen  military  RDTAE 
is  included,  the  time  profile  is  fundamental ly  the  same.  228 

The  modified  CIA  estimates  of  Soviet  civilian  manpower  engaged  in  defense 
production  in  Column  5  of  Tables  3.10a  and  3.10b  are  sucstantial ly  higher  tnan 
the  original  CIA  estimates  utilized  cy  Steven  Rosefielde--which  dramatically 
reflects  the  correction  of  previous  methodology  errors  by  means  of  the  general 
disaggregation  rules  summarized  in  Table  3.5.  Bill  Lee's  modified  estimate 
of  Soviet  civilian  manpower  involved  in  the  production  of  defense  gooos  increases 
almost  as  rapidly  as  his  original  estimates  in  Column  6  of  Tables  3.10a  and 
3.10b.  During  the  period  1966-1971,  the  rate  of  increase  (excluding  military 
RDTAE  expenditures)  is  6.0%,  as  reflected  in  Column  7  of  Table  3.10a,  whereas 
the  rate  of  increase  (including  military  RDTAE  expenditures)  is  5.8%,  as 
reflected  in  Column  7  of  Table  3.10b.  The  percentage  share  of  the  total 
civilian  work  force  involved  in  defense  production  increased  from  8.6.  in 
1966  to  14.7%  in  1971,  as  reflected  in  Column  12  of  Table  3.10a  without  military 
RDTAE  expenditures,  and  increased  from  12.1%  to  14.3%  for  tne  same  period,  as 
reflected  in  Column  12  of  Table  3.10b  with  military  RDTAE  expenditures. 


The  aggregate  burden  percentages  shown  in  parentheses  in  Columns  9-13  of 
Tables  3.10a  and  3.10b  reflect  the  estimated  percentage  share  of  the  civilian 
work  force  employed  in  the  12  economic  sectors  previously  defined  instead  of 
the  total  civilian  work  force.  The  difference  between  the  totals  for  the 
civilian  work  force  in  Columns  2  and  3  of  Tables  3.10a  and  3.10b  generally 
reflects  the  exclusion  of  civilian  employment  in  the  service  sectors  ve.g., 

•  *  v  '"'OQ 

Health  Services,  Government  Administration,  and  Education  and  Culture).— 

'“!i  Op.  Cit.,  GE-TEMP0  draft  report  (GE  76  TMP-548),  page  9;  underlining  and 
parenthetical  references  to  Tables  3.10a  and  3.10b  of  this  report  have  been 
added  for  emphasis  and  clarity,  respectively. 

Op.  Cit.,  Murray  Feshbach  and  Stepen  Rapawy ,  "Soviet  Population  and  Manpower 
Trends  and  Policies,"  Tables  11  and  12,  pages  136-137. 
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Therefore,  the  aggregate  burden  percentages  shown  without  parentheses  in 

Columns  9-13  of  Tables  3.10a  and  3.10b  reflect  the  percentage  snare  of  the 

total  civilian  work  force  producing  all  of  the  goods  and  services  tnat  are 

involved  in  the  production  of  defense  goods.  By  contrast,  tne  aggregate 

burden  percentages  shown  wi th  parentheses  reflect  only  the  percentage  share 

of  the  total  civilian  work  force  producing  all  of  the  qooas  that  are  involved 

230 

in  the  production  of  defense  goods. 

Bill  Lee's  original  and  modified  estimates  of  the  aggregate  burden 
ratios  for  the  labor  resource  in  Columns  11  and  12  of  Tables  3.10a  and  3.10b 
(both  with  or  without  parentheses)  may  be  characterized  as  requiring  an 
increasing  share  of  the  Soviet  civilian  labor  force  over  time.  Correction 
of  the  original  methodology  errors  influences  primarily  the  disaggregation 
of  the  aggregate  labor  resource  burden  ratios  over  the  12  economic  sectors 
because  the  total  percentages  in  Columns  11  and  12  of  Tables  3.10a  and  3.10b 
are  in  relatively  close  agreement.  By  contrast,  Stanley  Cohn's  estimate  of 
the  Soviet  civilian  manpower  involved  in  the  production  of  defense  goods 
increasesmuch  less  rapidly  than  Bill  Lee's  original  or  modified  estimates 
in  Tables  3.10a  and  3.10b.  For  period  1966-1971,  the  rate  of  increase 
estimated  by  Stanley  Cohn  is  2.5%,  excluding  military  RDT&E  expenditures 
(as  reflected  in  Column  8  of  Table  3.10a),  and  3.0",  including  military 
RDT&E  expenditures  (as  reflected  in  Column  8  of  Table  3.10b).  As  may  also 
be  observed  in  Column  13  of  Table  3.10a  (i.e.,  without  military  RDT&E 
expenditures),  the  percentage  share  of  the  total  civilian  work  force  involved 
in  defense  production  remains  relatively  constant  at  8.4%  from  1966-1971. 
Similarly,  it  may  be  observed  in  Column  13  of  Table  3.10b  (i.e.,  with  military 
ROT&E  expenditures)  that  the  percentage  share  for  the  same  period  remains 
relatively  constant  at  10.0-11.0%.  Therefore,  Stanley  Cohn ' s  estimated  aggregate 
burden  ratios  in  Column  13  of  Tables  3.10a  and  3.10b  (i.e.,  with  and  without 
parentheses)  may  be  characterized  as  requiring  only  a  constant  share  of  the 
Soviet  civilian  labor  force  over  time.  In  this  context,  the  estimated  factor 
productivity  associated  with  the  Stanley  Cohn's  growth  rate  in  light  of  the 
differences  between  the  increases  in  estimated  Soviet  NSE  in  Tables  3.9a  and 
2  "so 

The  total  civilian  work  force  shown  in  parentheses  in  Column  2  of  Tables 
3.10a  and  3.10b  excludes  the  work  force  in  collective  farms.  These  totals 
therefore  agree  with  those  presented  by  Murray  Feshbach  and  Steve  Rapawy 
in  their  previously  cited  paper. 


182 


3.9b  and  tne  increase  in  estimated  Soviet  defense-related  employment  in 
“aoles  3.10a  and  3.10b  is  1  ower  than  trie  estimated  factor  productivity  cited 
by  Steven  Roser'ielde  on  page  181.  The  three  alternative  estimates  of  factor 
productivity  associated  with  tne  Laoor  Resource  are: 

•  Bill  Lee's  original  estimate  (without  RDTiE)  =  ( 13. 9.-7. 3'.:)  = 

6.6.-  and  (with  RDT&E)  -  (14.53-6.93)  =  7. 61  . 

•  Sill  Lee's  modified  estimate  (without  RD7&E)  =  ( 13. 4.-6. OS)  = 

7.4.,  and  (with  RDTAE)  =  ( 12 . SL - 5.8)  =  7.0»  . 

•  Stanley  Conn's  estimate  (without  RDT&E)  =  (7.63-2.51,}  = 

5.13  and  (with  RDT&E)  =  (8.03-3.0  )  =  5.03  . 

It  is  readily  apparent  that  Stanley  Cohn's  estimates  of  factor  productivity 
are  lower  and  therefore  appear  to  be  more  credible. 

Tables  3.1ia  and  3.11b  provide  alternative  estimates  of  the  value  of 
the  total  Soviet  capital  stock  involved  in  Soviet  defense  production.  As  may 
be  observed  in  Column  2  of  both  tables,  estimates  of  tne  value  of  the  capital 
resources  (both  fixed  and  working  capital)  actually  utilized  in  the  12  economic 
sectors  previously  defined  are  provided  over  time  in  1966  rubles.  It  may  also 
be  determined  from  the  values  in  Column  2  that  the  average  rate  of  growth  in 
the  value  of  this  capital  stock  from  1966  to  1971  is  8.3  percent  (i.e.,  from 
499.0  billion  rubles  to  748.5  billion  rubles).  The  actual  alternative  estimates 
of  the  value  of  the  Soviet  capital  stock  involved  in  the  production  of  defense 
goods  excluding  military  RDT&E,  are  presented  in  Columns  3-7  of  Table  3.11a. 

As  may  be  observed  in  Columns  3,  the  original  CIA  estimate  of  Soviet  capital 
stock  engaged  in  defense  production  in  1970  is  substantially  less  than  the 
modified  CIA  estimate  shown  in  Column  4--which  is  the  result  of  the  correction 
of  the  original  methodology  errors  by  means  of  the  general  disaggregation  rules 
in  Table  3.5.  Insofar  as  Bill  Lee's  estimates  of  the  level  of  Soviet  capital 
resources  involved  in  defense  production  are  concerned,  the  indicated  rate  of 
growth  is  16.3  percent  (i.e.,  from  31.3  billion  rubles  in  1966  to  52.8  billion 
in  1971).  This  very  rapid  rate  of  growth  implies  that  the  defense  share  of 
the  aggregate  capital  stock  is  increased  from  6.3  to  8.4  percent  during  tne 
period  1966-1971  as  indicated  in  Column  10  of  Table  3.1ia.  “his  characteri sti c 
(i.e.,  an  increasing  capital  resource  burden  ratio  over  time)  is  common  to  ootn 
the  original  and  modified  estimates  of  Bill  Lee.  Althougn  Sill  Lee's  modified 
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Alternative  Estimates  of  the  Total  Soviet  Capital  Stock  Engaged  in  Defense 
Production  by  Economic  Sectors  Without  Military  RDT&E  Expenditures,  1966-1971  ^ 
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Table  3.11b 

Alternative  Estimates  of  the  Total  Soviet  Capital  Stock  Engaged  in  Defense  on. 
Production  by  Economic  Sectors  With  Military  RDT&E  Expenditures,  1966-1971  t"3 
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Sources  of  tne  data  presented  in  Taoles  3.11a  and  3.11b  are  as  follows: 

•  Column  2  data  reflect  tne  Total  row  in  Table  3-5  of  Appendix  3. 

e  Column  3  is  derived  by  using  the  data  in  Table  4-2,  Appendix  A  of  GE-TEHPO  report  tG£  T6  TNP-54B)  as  the 
<2i3.,  term  in  equation  i3-15)  of  Appendix  3  of  tms  summary  reoort  and  suraiing  over  tne  12  economic  sectors 

(i.e*.  e'i|°). 

•  Column  A  is  derived  by  using  :ne  data  in  Columns  2.  3,  6  and  7  of  Table  3.6  in  Equation  (3-15)  of  Aopendix  3 
ana  summing  over  tiie  12  economic  sectors  (i.e.,  e'kf^). 

e  Column  5  is  derived  by  using  tne  data  in  Tables  3-7a  and  3- 7b  af  Appendix  3  in  Equation  (5-15)  of  tiie  same 
appendix  and  sunming  over  tiie  12  economic  sectors  (i.e.,  e'^®). 

•  Column  o  is  derived  by  using  trie  data  in  Tables  3.7  and  3.3  in  Equation  3-15)  of  Aooendix  3  ana  summing  over 
t.ne  12  economic  sectors  ;  i.e.,  .'*8). 

•  Column  7  is  derived  by  using  tne  data  in  TaDles  5-3a  and  3-5b  or  Aooendix  3  in  Equation  1 3- 15 )  of  toe  same 
aooendix  and  summing  over  :ne  12  economic  sectors  (i.e.,  #a°). 

•  Column  3  is  Column  3  divided  sy  Column  2. 

«  Column  9  is  Column  A  Jivioeo  sy  Column  2. 

•  Column  10  is  Column  5  qivioed  oy  Column  2. 

•  Column  11  is  Column  5  divided  sy  Column  2. 

»  Column  12  ’s  Column  7  ofvtoea  sy  Column  2. 

're  aggregate  ouroen  *a;io  "or  tne  caoital  resource  is  determined  as  a  percentage  of  ail  tne  taoital  stsex  utilitec 

in  tne  12  economic  sectors  sreviously  identified,  -owever,  tnasmuc.n  as  tnis  does  not.  ^present  t.ne  totai  casital 
stock  available  for  t.ne  Soviet  economy,  tnen  tne  Burden  ratios  snown  in  sarentneses  in  Columns  5-12  tnoicate  :na: 
t.ney  are  miner  t.nan  tneir  true  magnitudes.  Out  tne  indicated  time  trenas  are  still  valid. 
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growth  rate  of  13  3  percent  r'or  the  period  1966-19’!  ‘••or  31.3  Pillion 

rubles  in  1966  to  60. S  oillion  rubles  in  1971,  as  ••e'lected  in  Column  o'  is 
sligntly  less  tnan  his  original  growth  rate.  tne  defense  snare  or  tne  Aggregate 
capital  stock  still  i ncreases  from  o.4  to  S.l  percent  as  indicated  in  Column 
11  or  Table  3.11a.  By  contrast,  Stanley  Conn's  estimate  of  the  value  of  Soviet 
capital  stock  involved  in  the  production  of  defense  goods  increases  at  tne 
rate  of  only  9.7  percent  per  year--wnich  is  considerably  less  than  Bill  Lee's 
original  or  modified  estimates  (i.e.,  16.3.-  and  15.2,  respectively).  As  a  result, 
Stanley  Cohn's  aggregate  burden  ratio  in  Column  12  of  Table  3. 11a  remains  rela¬ 
tively  stable  at  7  percent  from  1966  to  1971. 


Table  3.11b  presents  a  similar  pattern  of  Soviet  capital  resource  burden 
ratios  over  time  for  the  various  alternative  estimation  techniques,  but  now 
the  military  RDTSE  expenditures  are  included.  rhe  rates  of  growth  for  Sill  Lee's 
original  and  modified  estimates  of  Soviet  capital  stock  utilized  in  defense 
oroduction,  as  well  as  Stanley  Cohn's  estimates,  are  15.3  ,  14.5,  and  10 . 4  :• , 
respectively,  based  upon  the  data  in  Columns  5,  6,  and  7  of  Table  3.11b.  In 
the  case  of  Bill  Lee's  estimates,  the  average  annual  rates  of  growth  are  slightly 
lower  with  military  RDT4E  expenditures  included  than  without  military  RDT<iE, 
whereas  Stanley  Cohn's  rate  of  growth  with  military  RDT&E  expenditures  is  slightly 
higher  tnan  without  military  RDTSE  expenditures.  This  difference  between  Bill 
Lee's  and  Stanley  Cohn's  estimates  reflects  the  different  sectoral  composition 
that  is  associated  with  Bill  Lee's  estimates  of  Soviet  military  RDT3E  by 
comparison  with  those  of  Stanley  Cohn.  Another  significant  contrast  between 
Bill  Lee's  and  Stanley  Cohn's  estimates  is  that  Sill  Lee's  estimates  of  tne 
aggregate  burden  ratios  for  the  capital  resource  in  Columns  10  and  11  of  Table 
3.11b  may  be  characteri zed  as  requiring  an  increasing  share  of  the  capital 
stock  over  time  while  Stanley  Cohn's  estimates  of  the  aggregate  burden  ratios 
in  Column  12  may  be  characteri zed  as  requiring  only  a  constant  share  of  the 
capital  resource  for  the  period  1966-1971. 


Tables  3.12a  and  3.12b  reflect  the  structure  of  Soviet  civilian  manpower 
engaged  in  defense  production  and  the  associated  capital  resource  requirements 
wnicn  Steven  Rosenelde  explains  as  follows: 
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As  may  be  observed,  the  table  (i.e..  Table  5  in  the  GE-TEMPO 
draft  reoort  previously  cited,  Dut  Table  3.12a  of  this  report) 
presents  data  on  tne  ratio  of  defense  employment  and  output 
shares  aenvea  from  Tables  1-4  (i.e..  Tables  3.9a,  3.9b, 

3.  10a  and  3.11b  of  this  report).  Each  statistic  measures 
whether  Soviet  civilian  manpower  employed  in  defense  production 
constitutes  a  greater  or  smaller  share  of  the  total  civilian 
labor  force  than  the  analogous  defense  expenditure  share  of  NMP. 

As  is  readily  apparent,  defense  procurement  is  relatively  less 
labor-intensive  than  the  economywide  average;  i.e.,  approximately 
.8  (i.e.,  the  entries  without  parentheses  in  Table  3.12a).  This 
is  not  really  surprising  in  view  of  the  extreme  labor  intensity 
of  Soviet  agriculture.  However,  the  trend  is  more  interesting 
in  moving  from  .84  to  .78;  that  is,  declining  at  a  rate  of  1.5  oer 
annum  (as  reflected  in  Column  4  of  Table  3.12a ) .  This  behavior 
is  largely  explained  by  the  increasing  share  of  weapons  in  tne 
total  Soviet  defense  procurement.  Since  the  labor/GVO  ratio  in 
machine  building  is  less  than  the  average  for  the  other  sectors 
wherein  military  procurement  is  important,  its  increased  weight 
in  the  total  nas  caused  a  gradual  reduction  in  civilian  defense 
manpower  requirements.  Had  the  ratio  (i.e.,  .84)  prevailing  in 
1966  still  been  in  force  in  1971  (i.e.,  instead  of  .78),  civilian 
defense  workers  would  have  increased  by  another  7.7%.  232 

A  number  of  Steven  Rosefielde's  observations  with  regard  to  the  structure 
of  Soviet  civilian  manpower  engaged  in  defense  production  are  crucially 
dependent  upon  the  choice  of  estimation  technique  and  upon  some  very  special 
assumptions  which  have  been  made. 


For  example, 

•  Defense  procurement  is  "relatively  less  labor-intensive 
than  the  economy-wide  average"  only  wnen  civilian  employ¬ 
ment  in  the  service  sectors  is  included.  However,  if 
civilian  employment  in  the  service  sectors  is  excluded, 
then  the  figures  in  parentheses  in  Table  3.12a  all  exceed 
unity,  which  would  imply  that  defense  procurement  is 
"relatively  more  labor-intensive  than  the  economy-wide 
average".  Clearly,  this  reversal  in  the  relative  labor- 
intensiveness  of  defense  procurement  has  nothing  at  all 
to  do  with  the  "extreme  labor-intensity  of  Soviet  agri¬ 
culture".  Instead,  it  depends  upon  the  definition  of 
the  aggregate  burden  ratio  for  the  labor  resource  actually 

23 ? 

Op.  Ci t . ,  GE-TEMPO  draft  report  (GE  76  TMP-54B),  page  11;  underlining 
and  parenthetical  references  to  the  various  tables  in  the  GE-TEMPO 
draft  report  and  this  summary  report  have  been  added  for  emphasis  and 
clarity,  respecti vely . 
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used  in  Tables  3.10a  and  3.10b.^" 

•  The  maqni  tube  of  tne  ratio  of  defense  employment  to  defense 
production  snares  is  very  sensitive  to  tne  correction  of 
previous  methodology  errors  by  means  of  the  general  disaggre¬ 
gation  rules  in  Table  3.5.  This  may  be  readily  observed  by 
comparing  the  original  and  modified  CIA  estimates  for  1970 

in  Columns  2  and  3,  as  well  as  in  Columns  7  and  8,  of  Table 
3. 12a. 

•  The  trend  with  respect  to  the  ratio  of  defense  employment  to 
defense  production  snares  is  very  sensitive  to  tne  selection 
of  the  estimation  technique,  as  well  as  to  the  general 
disaggregation  rules  in  Table  3.5.  A  comparison  of  Bill  Lee's 
original  estimates  of  the  ratios  in  Columns  4  and  9  with  Stanley 
Cohn's  estimates  in  Columns  6  and  11  of  Table  3.12a  indicates 
that  the  foregoing  trend  is  entirely  eliminated  (i.e.,  a  zero 
trend)  when  one  shifts  from  Bill  Lee's  to  Stanley  Cohn's 
estimation  technique.  A  comparison  of  Bill  Lee's  original 
estimates  with  his  modified  estimates  of  tne  ratios  in 

Columns  5  and  10  of  Table  3.12a  indicates  that  application  of 
the  general  disaggregation  rules  in  Table  3.5  substantially 
weakens  the  foregoinq  trend  (i.e.,  instead  of  progressing 
from  .84  to  .78,  the  modified  trend  progresses  from  .86  to 
.32,  which  reflects  a  rate  of  only  0.8*  per  annum).  Clearly, 
this  weakening  or  complete  elimination  of  the  trend  indicated 
in  Columns  5  and  10  or  Columns  6  and  11  of  Table  3.12a  has 
nothing  to  do  with  "the  increasing  share  of  weapons  in  the 
total  Soviet  defense  procurement"  as  originally  postulated 
by  Steven  Rosefielde.  Therefore,  the  structure  of  Soviet 
requirements  for  civilian  manpower  in  defense  production 
over  time  can  be  more  fully  evaluated  only  after  a  time  series 
sectoral  disaggregation  of  the  CIA  estimates  of  Soviet  defense 
spending  is  obtained  or  developed  as  previously  cited.  This 
disaggregation  would  make  possible  the  completion  of  Columns  3 
and  8  of  Table  3.12a  and  would  provide  another  much  neeaed  set 
of  estimates  with  respect  to  the  magni tude  and  trend  of  the 
ratio  of  defense  employment  to  defense  production  shares. 

•  Table  3.12b  reflects  the  structure  of  Soviet  capital  stock 
requirements  for  defense  production  over  time.  As  may  be  noted, 
the  ratio  of  capital  utilization  for  defense  to  defense  produc¬ 
tion  shares  is  derived  from  Tables  3.9a,  3.9b,  3.11a,  and  3.11b. 

In  this  context,  each  entry  in  Table  3. 12b  measures  whether  the  Soviet 
capital  stock  employed  in  defense  production  constitutes  a  greater 
or  smaller  share  of  the  total  capital  resource  employed  in  tne 

12  sectors  previously  defined  than  the  analogous  defense  expenditure 

34 

The  civilian  work  force  engaged  in  Soviet  agriculture  is  included  in  both 
definitions.  The  total  civilian  work  force  that  produces  all  goods  ana 
services  is  reflected  in  the  figures  without  parentheses  in  Figure  3.12a, 
and  the  civilian  work  force  that  produces  only  goods  is  reflected  in  the 
figures  with  parentheses. 


I 


188 


! 


snare  of  NMP .  Althougn  all  of  tne  ratios  are  less  than 
unity  in  "aole  3.12b  (i.e.,  aoout  two-thiras  .  tnis  oces 
not  Suggest  that  'defense  procurement  '-elatively  less 
capital-intensive  tnan  tne  economy-wipe  average1.  I: 
simply  indicates  that  tne  Soviet  aggregate  tureen  ratio  for 
tne  capital  resource  is  1  ess  tnan  tne  Soviet  aggregate 
burden  ratio  for  tne  snare  of  \MP  to  Soviet  Sc . - 35 

•  In  addition,  tne  modified  CIA  estimates  in  Columns  3  ana  3 

of  TaDle  3.  12d  are  actually  1  ess  tnan  tne  original  CIA  estimates 
in  Columns  2  and  respecti vely--wnicn  is  opposite  tne  result 
in  "aole  3.12a  for  the  laoor  resource  wnen  tne  previous  metho¬ 
dology  errors  are  corrected  by  means  of  tne  general  disaggre¬ 
gation  rules  in  TaDle  3.5.  Moreover,  Bill  Lee  s  original  and 
modified  estimates  in  Columns  4,  5,  3,  ana  10  of  TaDle  3.12b 
reflect  no  perceotible  trend  in  the  ratio  over  tire,  however, 
Stanley  Conn's  estimates  in  Columns  6  ano  11  do  reveal  a  slight 
trend  in  terms  of  the  ratio  moving  from  .67  to  .69  or  .70 
during  tne  period  1966-1971  (i.e.,  i ncreasi nq  at  a  rate  of  0.’5. 
per  annum),  "his  may  be  explained  by  tne  presence  o'  an  increasing 
snare  of  weapons  in  the  total  estimated  Soviet  \$E.  -.owever, 
this  explanation  would  be  more  appropriate  for  Bill  Lee's  estimates, 
if  a  trend  could  be  detected  in  nis  estimates--but  none  is 
observable  in  Table  3.12b  during  tne  period  1966-1971.  Once  again, 
it  is  therefore  very  important  to  obtain  or  develop  a  time  series 
sectoral  disaggregation  of  tne  CIA  estimates  of  Soviet  NSE  in 
order  to  more  fully  evaluate  the  structure  of  tne  Soviet  capital 
stock  requirements  for  defense  production  over  time.  This  disag¬ 
gregation  would  make  possible  the  completion  of  Columns  3  and  3 
of  Table  3.12b  and  would  provide  another  much  needed  set  of  estimate 
of  the  magni tude  and  the  trend  in  tne  ratio  of  capital  stock 
utilization  for  defense  and  defense  proauction. 

•  Finally,  the  time  period  unde,  consideration  should  be  expanded  to 
cover  tne  entire  period  of  1960-1975. 


The  structure  of  the  Soviet  labor  and  capital  resources  required  to 
sustain  Soviet  defense  production  may  oe  more  easily  evaluated  by  a  sectoral 
disaggregation  of  the  total  resource  requirements  for  Soviet  defense  output- 
wnicn  is  explained  by  Steven  Rosefielde  as  follows: 


The  structural  transformation  in  the  sectoral  composition  of 
the  Soviet  civilian  manpower  engaged  in  defense  Production  is 
illustrated  still  more  clearly  in  Table  6  li.e.,  TaDle  3.13a 


of  this  report),  which  provides  data  on  the  manpower  contribution 


if  macni ne-bui ldinc 


defense  manpower. 


Eac.n  entry  in  "ables  3.i2a  and  3.12b  represents  the  ratio  of  two  'burden 
ratios".  Since  Soviet  GNP  is  roughly  equal  to  1.2  times  Soviet  NMP,  tnen 
each  entry  in  tnese  tables  would  be  20C  higher,  if  the  usual  Soviet  aggrega 
burden  ratio  for  the  snare  of  GNP  to  Soviet  NSE  is  used. 
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Alternative  estimates  of  tne  riachi ne-Bui ldi ng  and  Meta 
Composite  Sector  Percentage  Share  of  the  Total  Civilian 
Engaged  in  Soviet  Defense  Production  (1966-1971) 
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Table  3. 13b 


Alternative  Estimates  of  tne  Machine-Building  and  Metalworking 
Composite  Sector  Percentage  Share  of  the  Total  Capital  Stock 
Utilized  in  Soviet  Defense  Production  ,  1966-1971)  - 36 
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2  and  4  are  computed  from  Soviet  defense  expenditures  excluding 
RDT&E,  while  Columns  7  and  9  are  computed  including  RDTSE.  In 
1970,  which  is  considered  to  be  the  most  reliable  observation, 

36.2  of  this  civilian  labor  involved  in  final  defense  procure¬ 
ments  was  specifically  embodied  in  the  final  outputs  of  machine- 
building;  that  is,  military  weapons,  irrespective  of  whether  or 
not  RDT&E  is  included  or  excluded.  From  1966,  when  this  figure 
was  31.5 o,  the  weapons  share  increased  at  3.6  j  per  annum  to 
37. 6Z  in  1971,  excluding  ROTSE,  and  at  half  that  rate  including 
ROT&E  (i.e.,  based  on  the  original  Lee  estimates).  Ceteris 
paribus,  if  the  structural  trends  are  reasonably  accurate,  i t 
can  be  deduced  that  augmenting  the  hardware  component  of  Soviet 
defense  procurement  results  in  a  modest  economy  with  respect  to 
scarce  labor  resources  as  compared  with  alternative  ways  in  which 
defense  expendi tures  might  be  allocated  to  competing  aefense 
uses.  40/ 

Bill  Lee's  modified  estimates  in  Column  5  of  Table  3.13a  which  excludes  military 
RDTGE  indicate  a  much  1  owe r  percentage  for  each  year  tnan  his  original  estimates 
in  Column  4  as  cited  by  Steven  Rosefielde--which  is  a  dramatic  reflection  of 
the  correction  of  the  previous  methodology  errors  by  means  of  the  general  disaggre¬ 
gation  rules  in  Table  3.5.  However,  the  increasing  trend  during  the  period 
1966-1971  still  remains  in  Bill  Lee’s  modified  estimates  in  Columns  5  and  10  of 
Table  3.13a.  Only  when  another  baseline  estimation  methodology  is  utilized  is 
this  increasing  trend  el iminated--whi ch  is  clearly  evident  in  Stanley  Cohn's 
estimates  in  Columns  6  and  11  of  Table  3.13a.  In  fact,  the  entries  in  Column 
11  reflect  a  slightly  decreasing  trend  in  Stanley  Cohn's  estimates,  which  include 
military  RDT&E.  Therefore,  the  MBMW  sectoral  structural  trend  is  very  sensitive 
to  the  selection  of  the  estimating  technique,  and  indicates  a  need  for  additional 

research  before  Steven  Rosefielde's  preliminary  conclusion,  which  was  underlined 

2  38 

in  the  foregoing  citation,  may  be  substantiated. 


Op.  Cit.,  GE-TEMPO  draft  report  (GE  76  TMP-54B),  page  13;  underlining  and 
the  parenthetical  reference  to  Table  3.13a  in  this  report  have  been  added 
for  emphasis  and  clarity,  respecti vely. 

238 

Although  the  modified  Lee  and  Stanley  Cohn  estimates  provide  opposite 
findings  (which  demonstrate  the  importance  of  carefully  analyzing  these 
alternative  baseline  methodologies),  the  conclusions  in  this  section 
of  the  report  are  considered  to  be  "conditionally  val id"--gi ven  the 
general  ranking  of  the  estimating  techniques  in  Section  2.0  of  this 
report. 
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Table  3.13b  provides  data  with  regard  to  the  percentage  contribution  of  the 
capital  resource  in  the  MBMW  sectors  to  total  defense  production  requirements 
for  capital  stock.  The  magnitude  of  these  percentage  estimates  are  influenced 
by  the  elimination  of  previous  methodology  errors,  as  reflected  in  the  compari¬ 
son  of  the  original  and  modified  estimates  by  Bill  Lee  and  the  CIA,  respectively. 
The  trend  with  respect  to  the  percentage  estimates  are  influenced  by  the  selection 
Of  estimating  technique,  as  reflected  in  a  comparison  of  the  modified  Lee  and 
Stanley  Cohn  estimates  ( i . e . ,  Columns  5  and  6  of  Table  3.13b,  which  do  not 
include  military  ROT&E,  have  trends  in  oppos i te  directions).-  Consequently, 
in  order  to  provide  an  ex  post  resource  allocation  analysis  of  the  estimated 
composition  of  Soviet  NSE  that  will  be  relatively  insensitive  to  the  selection 
of  estimating  technique,  a  more  general  evaluation  of  the  sectoral  disaggregation 
of  estimated  Soviet  defense  expenditures  must  be  performed.  This  more  general 
methodology  is  based  upon  the  concept  of  the  incidence  pattern  of  sectoral  burden 
ratios  among  qualitative  resource  categories  (i.e.,  skills  for  the  labor  resource 
and  durabi 1 i ty  for  the  capital  resource)  and  is  developed  in  detail  in  Appendix 
B.  The  essence  of  this  concept  is  that  an  increasing  trend  in  the  estimated 
sectoral  economic  burden  ratios  over  time  implies  a  transfer  of  resources  from 
civilian  to  defense  usage.  Therefore,  in  the  case  of  an  increase  in  the 
estimated  Soviet  NSE  for  each  sector  over  time,  an  increasing  proportion 
of  the  labor  and  capital  resources  are  generally  required  in  most  of  the 
economic  sectors  in  order  to  sustain  this  defense  build-up.  The  sectoral 
growth  rates  for  Soviet  defense  spending  originally  defined  in  Equation  ('3) 
are  estimated  in  Table  3.14.  However,  it  is  possible  for  resource  productivity 
and  resource  supply  to  increase  so  rapidly  in  certain  economic  sectors  that 
the  estimated  Soviet  economic  burden  ratios  for  those  sectors  would  tio_t  increase 
over  time.  These  conditions  with  respect  to  resource  productivity  and  resource 
supply  for  each  sector  and  each  qualitative  category  (i.e.,  labor  skills  and 
capital  durability)  are  independently  estimated  in  Appendix  B  of  this  report. 
Consequently ,  it  is  possible  for  the  alternative  baseline  techniques  used  to 
estimate  the  sectoral  composition  of  Soviet  NSE  to  yield  a  decl ining  economic 
bur  eft  ratio  for  a  particular  category  of  labor  skill  or  capital  durability 
witnin  a  given  sector.  Although  the  magnitude  of  these  burden  ratios  will  be 

Columns  10  and  11  of  Table  3.13b,  which  include  military  ROTlvE,  also  have 
trends  in  opposite  directions,  but  the  rates  of  change  per  annum  are  sub¬ 
stantially  different  than  the  entries  without  military  RDTSE. 
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Fable  3. 14 


Sectoral  Growth  Rates  for  Alternative  Estimates 
of  Soviet  NSE  (1966-14'!'  340 


- — 

l 

_  . 

t  .  __ 

3 

4 

— 

6 

7 

8 

1 

1 

Row 

Sector 

Growth  Rate  in  the  estimated 
Soviet  NSE,  Excluding 
Military  RDTSE  Expenditures 

Growth  Rate  in  the  Estimated 
Soviet  NSE,  Including 
Military  RDT&E  Expend  1  turns 

Original 

Lee 

Modi  fled 
Lee 

Stan  ley 
Cohn 

Origina 1 
Lee 

Mod  1 f i ed 
Lee 

Stanley 

Cohn 

1 

Agricul ture 

0.0".. 

O.OT 

O.OT 

O.OT 

O.OT 

~zr\ 

O 

| 

Fuels 

5.51. 

5.51 

5.4T 

5.21 

5.  IT 

6 .  OT 

3 

Metals 

O.OT 

O.OT 

O.OT 

0 .  OT 

O.OT 

10.2". 

4 

Machine-Bui lding 

11.9" 

16 . '" 

17.01 

11.21 

5 

Metal  wo rking 

13.0 

16 . 2"- 

5.U 

18. OT 

16. 2T 

0.  i . 

6 

Construction  Materials 

0.01 

O.OT 

O.OT 

0 .  OT 

O.OT 

O.OT 

7 

Chemicals 

12.  H 

12.  IT 

O.OT 

12.51 

12 .  ST 

_ 

O.OT 

8 

Food 

5.6* 

6 .  IT 
(6. IT) 

5.41 

(5.61) 

m 

■HI 

9 

9.9T 

(7.51' 

9 

Light  Industry 

3.73, 

6 . 8T 
(6. 41) 

3.71 

. 

4.71 

(4.8T) 

. 

4.71 

(8.3T) 

-  1 

10 

Construction 

mgm 

5.9T 

5.6  .■ 

9 . 6 1 

9.61 

! 

b .  6  • 

11 

Transportation  and 
Communi cation 

O.OT 

5.4'. 

O.OT 

O.OT 

5 .41 

12 

Trade  and  Distribution 

o.ot 

0 . 0". 

O.OT 

O.OT 

0 .  OT 

O.OT 

*■  Sources  of  the  data  presented  in  Table  3.14  are  as  follows: 

•  Column  3  is  based  upon  Table  B-7a; 

•  Column  4  is  based  upon  Table  3.7; 

•  Column  5  is  based  upon  Table  B-8a; 

•  Column  6  is  based  upon  Table  8- 7b; 

•  Column  7  is  based  upon  Table  3.8; 

•  Column  S  is  based  upon  Table  6-8b;  and 

•  The  sectoral  growth  rates  "r.y  for  j  *  1 .  13  sectors  and  the  1 th  rstimati no 

technique  are  estimated  by  means  of  the  formula  for  "r  "  in  Table  8-33  or 
Appendix  8. 
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influenced  by  the  selection  of  the  estimating  technique,  the  trend  in  tnese 

economic  burden  ratios  may  be  insensitive  to  the  particular  estimating 

technique  that  is  selected.  As  a  result,  the  possible  existence  of  a  burden 

incidence  pattern  "common"  to  all  of  the  baseline  estimating  techniques  will 

permit  the  formulation  of  some  preliminary  resource  allocation  conclusions 

concerning  Soviet  resource  productivity  and  resource  supply  changes  over  time 

for  those  economic  sectors  and  qualitative  resource  categories  which  are 
241 

affected.  Those  qualitative  resource  categories  with  constant  or  decreasing 
sectoral  burden  ratios,  despite  an  increase  in  the  overall  sectoral  economic 
burden  ratio,  would  indicate  that  these  qualitative  resource  categories  have 
been  more  available  for  the  support  of  civilian  production  than  for  defense 
production.  By  contrast,  those  qualitative  resource  categories  upon  which  the 
incidence  of  defense  burden  increases  over  time  reflect  a  transfer  of  resources 
from  civilian  to  defense  production. 

3.6.5  Economic  Burden  Ratios 

The  concept  of  the  direct  and  indirect  economic  burden  of  the  estimated 
Soviet  defense  spending  developed  in  Appendix  B  is  represented  by  the  percentage 
of  a  given  resource  utilized  in  a  given  economic  sector  for  a  given  time  period 
that  is  required  to  support  the  level  and  compos i tion  of  Soviet  NSE.  This 
percentage  is  the  Soviet  economic  burden  ratio  for  the  labor  resource  in  Equation 
(B- 17) and  for  the  cap  tal  resource  in  Equation (B- 18)  of  Appendix  B.  Although  the 
level  and  sectoral  composition  of  the  estimated  Soviet  NSE  may  be  increasing 
over  time,  it  is  possible  that  certain  sectors  will  have  non-increasing  economic 
burden  ratios  over  time.  Also,  even  if  the  overall  economic  burden  ratio  of  a 
sector  is  increasing  over  time,  it  is  possible  that  the  impact  upon  a  particular 
category  of  labor  skill  or  capital  durability  will  reflect  a  non-increasing 
economic  burden  ratio  for  that  particular  qualitative  resource  category.  This 
suggests  that  the  "burden  incidence  pattern"  will  have  an  impact  on  those 
sectors  or  upon  those  qualitative  resource  categories  with  increasing  sectoral 


Although  time  series  estimates  for  the  sectoral  composition  of  Soviet  NSE 
are  only  available  at  the  present  time  for  two  of  the  eight  baseline  metnodo- 
logies  (i.e.,  Bill  Lee's  and  Stanley  Cohn's),  they  do  represent  the  two 
alternative  "characterizations"  that  are  usually  associated  with  a  given  base¬ 
line  estimating  methodology.  Bill  Lee's  estimates  of  the  level  of  Soviet  NSE 
over  time  yields  an  increasing  share  of  Soviet  NMP  or  GNP,  whereas,  Stanley 
Cohn's  estimates  yield  a  constant  share. 


194 


burden  ratios.”  c  All  of  the  sectoral  burden  ratios  for  categories  of 
Soviet  labor  skills  are  estimated  by  means  of  Equation  (6-19)  and  for 
categories  of  capital  durability  by  means  of  Equation  ^ B - 2 1 )  in  Appendix 
3.  The  "fundamental'1  burden  incidence  pattern  for  the  labor  and  capital 
resources  that  is  not  sensitive  to  the  selection  of  baseline  estimating 
technique  is  derived  from  Tables  3.15,  3.16,  3.17,  3.18,  and  3.19  which 
f o 1 1 ow . 

As  may  be  observed  in  Table  3.15,  the  economic  burden  ratios  for  the 
Soviet  labor  resource  are  presented  for  each  of  the  twelve  economic  sectors 
and  three  estimation  techniques  for  the  period  1966-1971.  Generally  speaking, 
the  maoni tude  of  the  estimated  economic  burden  ratio  within  each  economic 
sector  is  greatly  infl uenced  by  the  choice  of  estimation  technique.  For 
example,  in  the  Agricultural  sector.  Bill  Lee's  original  estimation  technique 
in  Row  la  indicates  that  the  labor  burden  ratio  has  increased  from  . 1237 
(i.e.,  12.37  percent)  to  .1511  (i.e.,  15.11  percent),  which  reflects  the 
relative  increase  in  the  percentage  of  the  Soviet  agricultural  labor  force 
that  was  employed  directly  or  indirectly  in  Soviet  defense  production  during 
the  period  1966-1971.  However,  the  modified  Lee  estimation  technique  in 
Row  lb  indicates  that  the  labor  burden  ratio  has  increased  from  .2166  (i.e., 
21.66  percent)  in  1966  to  .2589  (i.e.,  25.89  percent)  in  1971  utilicing  the 
64 7  3  367.  hypothesis  with  regard  to  the  consumption  pattern  for  mi  1  i  tary  pay  in 
the  Food  and  Light  Industry  sectors,  respectively  (i.e.,  the  entries  in 
Table  3.15  without  parentheses).'"  Although  the  magnitude  of  the  estimated 
economic  burden  ratio  has  greatly  increased,  the  trend  is  still  increasing-- 
which  is  indicated  by  a  "+"  entry  in  Column  9  of  Rows  la  and  lb. 
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The  concept  of  a  "burden  incidence  pattern"  is  based  upon  the  incidence 
of  budget  expenditure  concept  used  in  public  finance,  but  modified  in 
Appendix  B  of  this  report  to  reflect  qualitative  categories  of  resources 
by  sector  instead  of  the  distribution  of  household  incomes  by  size  for^ 
indicating  the  "pattern  of  change".  This  burden  incidence  pattern  reflects 
the  transfer  of  resources  from  civilian  production  requirements  to  various 
sectors  and  resource  categories  for  the  purpose  of  sustaining  increased 
defense  production.  In  this  context,  see  R.A.  Musgrave  and  P.B.  Musgrave, 
Public  Finance  in  Theory  and  Practice.  McGraw-Hill,  Mew  York,  1973, 
pages  356-358. 
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The  entries  with  parentheses  reflect  the  alternative  5G1'  &  50  •  hypothesis 
with  respect  to  expenditures  in  the  Food  and  Light  Industry  sectors. 
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Table  3.15 


Economic  Burden  Ratios  for  the  Soviet  Labor 
Resource  by  Economic  Sector  (1966-1971) 


2 

3 

4 

5 

6 

— : — 

3 

9 

ACW 

Sector 

Lstl^ati  nq 

Aggregate  Sectoral 

Ljcor  Sur  :en 

Sjnrarv  jf 

V’<  .urden 

’ecr.ni  iue 

1966 

196 7 

.968 

19o9 

.3  70 

19/ i 

Aat*. o  Trend 

u 

Agri  cul  ture, 

Original  ..ee 

1237 

.1334 

1334 

1480 

.423 

15 1 1 

♦ 

lb 

Agriculture/ 

2 166 

3229 

2331 

2654 

2419 

2539 

♦ 

Modified  lee 

1.2039' 

(.2092) 

1  .300' 

2489 ) 

2232') 

1.2442' 

I*) 

Agricul ture/ 

C4Cb 

.2544 

369  3 

3148 

309' 

.3229 

* 

Stanley  Cohn 

1.2307) 

{  :jao' 

i  .34  10) 

3845 

.  3 -34' 

v  2912' 

2  a 

fuels/ 

Original  „ee 

*  7 1 ' 

.2353 

>04 ; 

3 164 

3248 

34  35 

♦ 

fuels, 

.0773 

2331 

3C01 

3127 

31*2 

3335 

* 

‘iodised  Lee 

.  2 ’2"' 

1.3335 

.  JCOo ' 

v .3132! 

a.3177' 

,  3340! 

ruel s/ 

4013 

4109 

154  7 

4658 

.  1504 

.4203 

* 

Stanley  'onn 

s  io: :: 

(  .4117' 

v  46Co ' 

a  4fcO  .* 

AS  13 ) 

l  .4213' 

v«. ' 

3a 

Metals. 

3r«g?na)  Lee 

C444 

2675 

.3055 

■  JUUL 

3532 

39  40 

Metals/ 

22^4 

2466 

.2303 

3089 

3256 

3556 

♦ 

Modified  Lee 

1.2:011 

1 .24741 

1  2313) 

1  304-1 

i  3263) 

( . 3564 1 

i*) 

1  3c 

Metals. 

.  1654 

1654 

.  1810 

1949 

2038 

1992 

. 

Stanley  Cohn 

( .  1560) 

( .  1668 ) 

1.1325) 

1.1965) 

>  .20541 

i . 2009 1 

1*) 

435 

1 

MflMW/ 

[Original  Lee 

M8.MW/ 

.  C964 

.3159 

.3420 

.  3500 

.3609 

.3748  . 

. 

i 

4  AS 

.  2554 

.2797 

3019 

3112 

3f4 

3271  ' 

D 

Modified  iee 

( .3659) 

1.3'?;' 

(  .3019) 

(.3112' 

1.31741 

1.3271)  ; 

{♦) 

4A5 

MB.MW. 

.  1761 

.  1723 

1803 

.  1304 

.  1805 

.  1644 

• 

c 

Stanley  Conn 

(  176 1) 

(.1723! 

1.  '.3031 

( .  '.3041 

(.1305' 

* . 1644' 

i*' 

sources  of  the  data  dresentad  'n  "able  3.15  ire  is  •ollows 

•  3(1!  .ee  s  jrigtnal  burden  -atios  use  the  lata  in  'able  3-'b.  as  eel',  is  Eduation 

3-17'  in  lobendi »  3. 

•  3(11  Lee's  nodlfied  Burden  ratios  use  me  data  in  Table  3.3.  as  -ell  as  £oua;ion 
(3-17)  in  aooendts  3. 

a  Stanley  Conn's  burden  ratios  use  the  data  in  Table  3-3B,  as  «elt  as  Equation  ,3-1"’ 

In  Apoendl a  3. 

•  Column  3  orovides  l  Summarv  of  tne  burden  ratio  trends  «nere  indicates  an 

increasing  trend.  indicates  a  decreasing  ‘rend,  'o'  indicates  no  oerceotible 

■nena,  indicates  l  r.c'ical  pattern,  mo  i  'non-increasino1'  trend  'S  identified 

by  either  i  or  a  'o'  iymtoi. 

t  "hesa  sactoral  iggreoate  iaoor  ouroen  ratios  are  based  .oon  estimates  of  Soviet  MSE 
i 'ncl udi ng  mlitary  40T1E)  expressed  ’n  producer  s  orices.  'hey  also  include  tne 
technological  orogress  adjustment  defined  'n  Id bend i X  g. 

e  intnes  m  this  table  without  darentneses  'eflect  tne  50t  1  iSihybdtnesi s  «itn  -escect 
to  eacenditures  in  tne  :dod  ano  w'.gnt  Industry  sectors,  -esoectively .  Cn  tne  other 
land,  entries  eith  darentneses  -eflect  ,ne  a  1  ternati  ve  50‘.- 4  50' hyoothesis 
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Table  3.15  (continued) 

Economic  Burden  Ratios  for  the  Soviet  Labor 
Resource  by  Economic  Sector  (1966-1971)  243 


1  2 

3 

1 

5 

6 

7 

8 

- 9 - 

Sector/ 

1  Saw  ;  estimating 

Aggregate  Sectoral 

-auor  3uraen  3at 

os 

Sonar ary  of 
”-.e  Burcen 

Tecnmque 

1366 

1967 

'.363 

1369 

1970 

1971 

3atio  Trena 

f 

-  Construction  '•‘atenais/ 

1  Original  Lee 

.3471 

.3500 

.3964 

.3913 

.4102 

.4110 

* 

Construction  Materials/’ 

.  3560 

.3551 

.4004 

.3965 

.4103 

.4091 

+ 

•"oai  rieo  .a* 

(.3534) 

(.3575) 

(.4026) 

(.3990) 

(.4124) 

(.4112) 

d 

.  Construction  Materials/ 

3 tan ’ey  Conn 

.  1936 

.1335 

.2040 

.2102 

.2016 

.  183C 

* 

(.’356) 

(.1923) 

(.2084) 

(.2143) 

(.2062) 

(.1925) 

:*) 

7  Chemicals/ 

Original  -ee 

.2239 

.2305 

.2363 

.2410 

.2396 

.2440 

* 

Chemicals/ 

.2324 

.2313 

.2375 

.2413 

.2381 

.2412 

* 

■'ocif'ao  .ee 

(.2347) 

(.2340) 

(.2395/ 

(.2439, 

(.2398) 

(.2430) 

<♦> 

.  Inemicals/ 

.0914 

.0354 

.0873 

.3864 

.3836 

.0773 

^  Stanley  Conn 

(.09321 

!  .0333! 

(.09  12. 

.  3903) 

..337=) 

(.08151 

;-) 

,  rooa/ 

Original  -ee 

.0563 

.0553 

.0567 

.0574 

.0564 

.0592 

* 

,h  rooa/ 

30  Modified  Lee 
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.1035 
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.1041 
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(.0972) 
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(.0943)  (.0994) 
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a,  1 fooa/ 
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.  1323 
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(.1224) 
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.  1172 
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- 

qh  kignt  Industry/ 
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j Modi  fled  Lee 
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.(-) 
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.1543 

.  1324 
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. 
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( .  1645) j ( . 1702) j(. 1696) j( .  1690) 
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*  [Original  Lee 
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"  [Modified  Lae 
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* 
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.0771 
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(.0631) 
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.3692  .0768 
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.3860 
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1 
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|  "ransoortation  anfl 

.  1094 

.  1091 
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.1237 
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• 

.Ic  ,  '-ommuni cation/ 
j  Stanley  Cohn 

(.1095) 

(.1095)  j(.U95) 

(.1241) 

(.1163) 
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'2a  1  and  Oistribution/ 

‘  :  Criginal  .ae 

.0364 

.0375 

.0408 

.0415 

.3427 

.0452 

| 

■  .s  i  "raoe  and  Oistribution/ 
j  ‘-'odi'ied  .ee 

.0419 

.0423 

.0453 

.0463 

.0463 

.3435 

- 

(.0413) 

(.0417) 

(.3447) 

(.3456) 

(.3457) 

(.3479: 

'raaa  and  Distribution/ 

.0035 

.0383 

.3401 

.0410 

.  3407 

.0394 

* 

‘  *  1  Stanley  Cohn 

.0330) 

(.3371)  '( .0339 ) 

(.0397! 

(.3395) 

(.3381 
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,9 


The  selection  of  Stanley  Cot  's  estimation  technique  also  increases  the 
magni tude  of  the  labor  burden  ratio  ,n  the  Agricultural  sector--whicn  may  be 
observed  in  Row  lc  of  Table  3.15  wherein  the  estimated  labor  burden  ratio  nas 
increased  from  .2406  u.e.,  24.06  percent)  in  1966  to  .3229  (i.e.,  32.29 
percent)  in  1971,  again  using  the  64  3.  361.  hypothesis  with  regard  to  expen¬ 

ditures  in  the  Food  and  Light  Industry  sectors  (i.e.,  the  entries  wi thout 
parentheses).  Clearly,  the  magnitudes  or  the  estimated  agricultural  labor 

burden  ratios  in  Row  lc  are  almost  twi ce  those  in  Row  la,  but  the  trend  is 
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still  increasing,  so  a  +"  appears  in  Column  9,  Row  lc  of  Table  3.15.*" 
Although  the  cardinal  magnitudes  of  the  Soviet  agricultural  labor  burden 
ratios  are  very  sensitive  not  only  to  the  choice  of  estimation  technique,  but 
also  to  the  imposition  of  the  disaggregation  rules  presented  in  Table  3.5, 
the  ordinal  trend  is  still  increasing  for  the  estimation  techniques  which 
were  employed.  Consequently ,  the  entries  ir  'olumn  9  of  Rows  la,  lb,  and  lc 
are  aj_l_  which  indicates  that  Soviet  defense  expenditures  resulted  in  an 
increasing  labor  burden  ratio  for  the  Agricultural  sector  during  the  period 
1966-1971  for  all  of  the  estimation  techniques  applied.  The  same  type  of 
analysis  may  be  applied  to  each  of  the  other  sectors  in  Table  3. 15 — as  the 
result  of  which,  it  may  be  observed  that  following  sectors  are  characterized 
by  a  non-decreasing  trend  for  all  of  the  estimation  techniques  applied: 


'’54 

“  This  substantial  increase  in  the  magnitude  of  the  Soviet  agricultural 
labor  burden  ratios  between  Bill  Lee's  original  estimation  technique  and 
Stanley  Cohn's  estimation  technique,  as  well  as  between  Bill  Lee's 
original  and  modified  estimates,  reflects  a  substantial  di fference  in 
the  estimated  percentage  share  of  total  civilian  manpower  er  jaged  in  Soviet 
defense  production  in  the  Agricultural  sector.  In  this  context,  Steven 
Rosefielde  made  the  following  observation  when  he  used  Bill  Lee's  original 
estimation  technique:  "For  example,  13. 1‘1>  of  Soviet  civilian  manpower 
involved  in  defense  production  is  to  be  found  in  agriculture,  as  compared 
with  2. 2%  in  the  case  of  the  11. S.  If  the  influence  of  Soviet  labor-intensive 
agriculture  were  eliminated,  then  the  comparative  labor  intensity  of  the 
Soviet/U.S.  labor  force  engaged  in  producing  defense  goods  might  be  reversed." 
(Op.  C i t . ,  GE-TEMPO  draft  report,  GE  76  TMP-54B,  page  18.)  If  Steven  Rose¬ 
fielde  had  used  instead  the  modified  Lee  estimates,  the  percentage  of  Soviet 
civilian  manpower  involved  in  defense  production  in  the  Agricultural  sector 
would  have  increased  to  19. 6»,  and  if  the  Stanley  Cohn  estimation  tecnnique 
were  applied,  the  same  percentage  woul  d  be  increased  to  26. 1  ■.  In  other  words ,  Steven 
Rosefielde's  caveat  is  supported  by  using  alternative  estimation  techniques. 
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•  Agriculture  (sector  1), 

•  Fuel s  (sector  2 ) , 

•  Metals  (sector  3), 

•  MBMW  (sectors  4  and  5), 

•  Construction  Materials  (sector  6), 

•  Food  (sector  8) , 

•  Construction  (sector  10), 

•  Transportation  and  Communication  (sector  11),  and 

•  Trade  and  Distribution  (sector  12). 

Only  sector  7  (Chemicals)  and  sector  9  (Light  Industry)  reflect  a  sensitivity 
of  the  direction  of  the  trend  to  the  choice  of  estimation  technique  applied 
and  to  the  hypothesis  with  respect  to  the  expenditure  pattern  for  military 
pay  in  the  Food  and  Light  Industry  sectors. 

Bill  Lee's  original  and  modified  estimates  in  Rows  7a  and  7b  of  Column 
9  of  the  same  table  reveal  an  increasi nq  labor  burden  ratio  trend  for  the 
Chemical  sector.  By  contrast,  Stanley  Cohn's  estimates  in  Row  7c  of  Column 
9  reflect  a  decreasing  labor  burden  ratio  trend  for  the  Chemical  sector. 

Clearly,  the  direction  of  the  labor  burden  ratio  trend  for  the  Chemical  sector 

?55 

depends  crucially  upon  the  choice  of  estimation  technique."  As  may  also  be 
observed.  Bill  Lee's  original  and  modified  estimates  in  Rows  9a  and  9b  of 
Column  9  reveal  a  decreasing  labor  burden  ratio  trend  for  the  Light  Industry 
sector,  while  Stanley  Cohn's  estimates  in  Row  9c  of  Column  9  reflect  a  sensi¬ 
tivity  to  the  hypothesis  adopted  with  respect  to  expenditure  pattern  for 
military  pay.  When  the  64"  4  36S  hypothesis  is  used  (i.e.,  the  entries  wi thout 
parentheses),  a  decreasing  labor  burden  ratio  trend  is  observed  in  Row  9c  of 
Column  9.  However,  when  the  50"  4  50"  hypothesis  is  used  (i.e.,  the  entries 
wi th  parentheses),  then  an  increasing  labor  burden  ratio  trend  is  observed  in 

255 

Inasmuch  as  the  disaggregation  rules  presented  in  Table  3.5  were  not  applied 
by  Stanley  Cohn  for  the  Chemical  and  Petrochemical  sector  (i.e.,  and  zjt 

were  not  separately  estimated),  this  "probably'1  explains  the  difference 
between  Rows  7a  and  7b  of  Column  9,  on  the  one  hand,  and  Row  7c  of  Column  9, 
on  the  ether  hand.  However,  it  is  possible  that  other  aspects  of  Stanley 
Cohn's  estimation  technique  may  explain  this  observed  difference  in  the  trend 
of  the  estimated  burden  ratio  when  compared  with  the  trend  of  the  estimated 
burden  ratio  utilizing  Bill  Lee's  estimation  technique. 
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Row  9c  of  Column  9.  At  the  aggregate  level  of  the  Soviet  laDor  resource  in 
Table  3.15,  there  are  no  sectoral  burden  ratios  wnich  exhibit  a  non-increasing 
trend  characteristic  of  a  1 1  of  the  estimation  tecnniques  considered. 

Proceeding  now  to  Tables  3.16a,  3.16b,  and  3.16c,  it  may  be  observed 
that  the  economic  burden  ratios  for  the  Soviet  labor  resource  are  partitioned 
according  to  three  skill  categories  for  the  period  1966-1971.  In  Table  3.16a, 
the  high-skill  labor  resource  reveals  a  non-increasing  trend  in  the  sectoral 
burden  ratios  for  the  following  sectors  that  is  characteristic  of  all  of  the 
Soviet  NSE  estimation  techniques  considered: 

•  Construction  Materials  (sector  6)  and 

•  Trade  and  Distribution  (sector  12). 

Apparently,  these  two  sectors  have  not  been  impacted  by  the  buraen  incidence 
of  Soviet  NSE  on  the  high-skill  labor  resource  insofar  as  the  various  estimation 
techniques  considered  are  concerned.  The  Construction  sector  (i.e.,  10), 
however,  is  sensitive  to  the  choice  of  estimation  techniques  from  the  standpoint 
of  determining  the  direction  of  the  trend  of  the  high-skill  labor  burden  ratio. 
All  of  the  remaining  sectors  reflect  a  non-increasi nq  trend  with  respect  to  the 
high-skill  labor  burden  ratio,  so  the  burden  incidence  of  Soviet  NSE  definitely 
falls  upon  them. 

The  middle-skill  labor  resource  summarized  in  Table  3.16b  displays  an 
increasing  trend  in  all  of  the  sectoral  burden  ratios  for  the  various  estimation 
techniques  considered.  As  a  consequence,  it  is  evident  that  the  burden  incidence 
of  Soviet  NSE  pertaining  to  the  middle-skill  labor  resource  category  falls  upon 
all  twelve  of  the  economic  sectors. 

Finally,  as  may  be  observed  in  Table  3.16c,  the  low-skill  labor  resource 
category  displays  a  decreasing  trend  in  the  sectoral  burden  ratios  for  the 
following  economic  sectors  that  is  characteristic  of  all  of  the  Soviet  NSE 
estimation  techniques  considered: 

•  Fuels  (sector  2) , 

•  Chemicals  (sector  7),  and 

•  Light  Industry  (sector  9). 
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me  ca  oresented  in  'able  3.  .5c  are  as  fo..j**s 


•  3i!’  _ae  ;  original  ourden  ratios  jse  tie  :ata  in  "ao'es  i-’O  ind  5-13,  as  *eil  as 
Ejuation  v 3- 19 5  in  Aocerdix  3. 

•  3111  Lee’s  modified  ourden  ratios  jse  the  data  in  "abies  3.3  and  3-13.  as  *eli  as 
Equation  (3-19)  in  Appendix  3. 

•  Stanley  Conn  s  ourden  ratios  ..se  trie  tata  in  Tables  3-3b  arc  3-13.  as  *ei’.  as  Equation 
. 3-  19 )  in  Aooenai x  3. 

•  Column  9  provides  a  summary  of  tne  ouraen  ratio  ‘.rends  *nere  ' *• "  -nai cates  in 

i icreas ; nq  trend,  indicates  a  lecreasi  nr,  trend,  'd  -rdi  cates  no  perceptible 
trend,  '•*  indicates  a  cyclical  aactsrn,  and  i  ‘non-'ncreasi ng“  trend  is  identified 
by  ettner  *  zr  a  'o  '  symbol . 

•  'bese  sectoral  iggregace  abor  ourden  ratios  are  based  jpon  estimates  of  Soviet  '*St 
.  including  military  80T&£)  expressed  m  producer's  prices.  "hey  a  iso  include  Tie 
-ecnno logical  progress  adjustment  defined  in  Aooenaix  3. 

•  Entries  n  this  table  without  carent.neses  reflect  the  6A;  &  34,  hypothesis  vim  -eseect 
to  a^cendi tures  in  me  rood  mo  Lignt  Industry  sectors,  *esoecti  /el > .  On  me  pther 
und,  entries  *itn  parentheses  reflect  Tie  1 l  ternati  e  50  3  SO.-  ivpotnes i s . 


205 


Table  3.16c  (continued) 


Economic  Burden  Ratios  tor  the  Soviet  Low-Skill 
Lanor  Resource  by  Economic  Sector  11966-1971)  Edo 


l 

0 

\ 

5 

3 

1 

Sector 

Estimating 

’echnidut 

Sectoral  w. 

V*-  '4  • 

wioor  3u»v.en  -sat'.'* 

Summary  df 

.  .-66 

: '•*>' 

.  568 

.969 

:  >70 

13rl 

•Sat :o  7  7-end 

OJ 

Constr  iction  '’ate* ‘a is 
-  rig mal  wee 

33:4 

3395 

3837 

17*9 

•9*30 

3958 

* 

sb 

Construction  ^ate^als 
Modi f ltd  lee 

346 1 
\  3433' 

344b 

'4t>3 

33  .*6 
.  389  ? 1 

3834 

*858) 

■'551 

■  J  ’  * 

3940 

3  560 ' 

■  ♦ '. 

5e 

Construction  ^atf’a.s 
Stanley  Conn 

1333 
i  :90i, 

’.833 

1  13.-U1 

19  ’5 

,  001  v 

.0033 

V .  CO  *  * 

1940 
.  .386 

1810 

V  ’.354 

-  * 

*a 

Chemicals, 

Or *g mal  Lee 

i4g ; 

1498 

u’s 

1465 

1 394 

1391 

- 

•b 

Chemical  i 
'•‘odl'ied  w  ie 

.  -.330 
i  IS ’S' 

1506 

V  ■  1501 

1414 

14  ro 
;;83 

*  336 
,  1 :  '*6 ' 

.  75 

• 

Chemi  a  Is. 

Stanley  Conn 

OS  *3 
v  '609  i 

05:5 
(  .05.31' 

054  S 
^  1So4 

.3525 

..;  ■ 

v  0303' 

'464 

• 

-*ooo 

Original  i.ee 

OS  10 

.  3500 

0505 

0507 

0463 

0508 

0 

3b 

c  JOll  / 

vool  !‘l«u  „<e 

0960 
v .0869) 

093ft 

1  0842) 

.0955 

v  0866) 

0489 

1.0833) 

0900 
( .0816' 

0941 

1  0853' 

i-' 

3c 

c00d, 

Stanley  Conn 

.1107 
i  iojs) 

.1153 

1 ,0983) 

.1179 

V .  100 1 ) 

.1252 

l  .  1066) 

.  1243 

1 .  1059' 

1261 

1  10  ’0) 

( *■' 

it 

Light  Industry/ 

Original  Lee 

.  ludu 

.  1025 

1006 

.1032 

.1005 

.0985 

- 

Jb 

wight  Industry 

Modified  w*e 

1430 

1  .  lb  36) 

.13:0 

l .  152’' 

.  1409 
1.1550) 

1410 
v  15  *0 ) 

.  1328 
i  1459) 

1317 

1  1451) 

1  . ' 

9c 

Light  Industry/ 

Stanley  Conn 

.  1421 
(  1543) 

1218 

1.1501) 

.1198 

v  14, -9) 

.1230 

1.1521) 

1199 

1 .  I486) 

1182 

1  14”' 

i') 

10a 

Construction/ 

Original  Lee 

1233 

.  1 185 

.1373 

1094 

1 364 

.  1239 

- 

iGb 

Construction. 

Modi  fled  Lee 

1233 

1-1233) 

.  1185 
i .  1135) 

.  1373 
1.1373) 

1294 

1  .  1294 ) 

.  1364 
<  .364 

.  1239 

1  1239' 

(  *1 

•,0c 

Construction/ 

Stanley  Conn 

3334 
,  3394) 

0380 
i  0380) 

34  30 
i  .04  30) 

04  38 

V  .0438! 

0390 

1 .0390' 

034  3 
i  0343' 

(-) 

1  la 

Cransoortation  ind 
Communication 

Original  Let 

.3531 

,0597 

0662 

0682 

.0709 

0742 

• 

1  '.3 

rrinsoortation  and 
Communication 

Modified  wet 

.0541 
i .0542! 

0548 
l  .0599) 

0654 
^ . 0660 ) 

0681 

i .0682! 

0696 
l  0648) 

3703 
v .0704) 

* 

,1c 

’ransoortation  ind 
Conwunicatton 

Stanley  Conn 

0952 
i  0953) 

.0943  1003 

v  .0946)  ;( .  1026) 

.  1050 
i .  1056) 

0980 
(  .0983) 

0404 
i  090 

a 

,4) 

10a 

'•MOt  and  Ofstnbution 
Original  Let 

0354 

0365 

.0396 

.0400 

0414 

0438 

* 

JS 

'ride  md  3istr,but:on 
Modi**ed  w.jt 

0406 
.  040 1; 

'411 
v  .  0405 1 

0440 

v  .04  34) 

0449 

1  .'443' 

'448 

(  J44  \ ' 

04  *0 

V  .  .’464 

'•.Me  mo  distribution 
.tan ley  Conn 

33  "4 
:i ) ' 

03*: 

v  .03611 

0390 
i  0375' 

0398 
,  0385' 

0395 
, .0332’ 

::si 

,  2369 

In  other  words,  these  sectors  have  not  been  impacted  by  the  burden  incidence 
of  Soviet  NSE  insofar  as  the  aforementioned  estimation  techniques  are 
concerned.  However,  the  following  economic  sectors  are  sensitive  to  the 
choice  of  estimation  technique  from  the  standpoint  of  determining  the  direction 
of  the  trend  of  the  low-skill  labor  burden  ratio: 

•  M6MW  (sectors  4  and  5), 

•  Food  (sector  8) , 

•  Construction  (sector  10),  and 

•  Transportation  and  Communication  (sector  11). 

All  of  the  remaining  sectors  in  Table  3.16c  reflect  a  non-decreasing  trend 
with  respect  to  the  low-skill  labor  burden  ratio,  so  the  burden  incidence  of 
Soviet  NSE  definitely  falls  upon  them. 

In  Table  3.17,  the  economic  burden  ratios  for  the  Soviet  capital  resource 
are  presented  for  each  of  the  twelve  sectors  and  the  three  estimation  techniques 
considered  for  the  period  1966-1971.  Generally  speaking,  the  magnitude  of  the 
estimated  economic  burden  ratio  for  each  economic  sector  is  greatly  influenced 
by  the  choice  of  estimation  technique.  However,  the  trend  of  the  estimated 
economic  burden  ratios  for  the  Soviet  capital  resource  is  more  robust,  and  the 
following  sectors  are  characterized  by  a  non-decreasi nq  trend  for  the  various 
estimation  techniques  considered: 

•  Agriculture  (sector  1), 

•  Fuels  (sector  2) , 

•  Metals  (sector  3) , 

•  Construction  Materials  (sector  6), 

•  Food  (sector  8) , 

•  Construction  (sector  10),  and 

•  Transportation  and  Communication  (sector  11). 

As  may  be  observed  in  Table  3.17,  the  following  sectors  reflect  a  sensitivity 
of  the  direction  of  the  trend  to  the  choice  of  estimation  technique  and  to  the 
hypothesis  with  respect  to  the  expenditure  pattern  for  military  pay  in  the 
Food  and  Light  Industry  sectors: 
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•  M6MW  (sectors  4  and  5), 

•  Chemicals  (sector  7) , 

•  Light  Industry  (sector  9),  and 

•  Trade  and  Distribution  (sector  12). 

The  type  of  analysis  applied  to  the  labor  resource  in  Table  3.15  may  also 
be  applied  to  the  capital  resource  in  Table  3.17.  It  may  also  be  observed 
that  the  MBMW  composite  sector  and  the  Trade  and  Distribution  sector  for  the 
capital  resource  reveal  a  sensitivity  to  the  choice  of  estimation  tecnnique 
with  respect  to  the  direction  of  the  burden  ratio  trend  that  did  not  exist 
for  the  labor  resource.  However,  at  the  aggregate  level  of  the  Soviet  capital 
resource  in  Table  3.17,  there  are  no  sectoral  burden  ratios  which  exhibit 
non-increasing  trends  that  are  characteristic  of  aJJ_  g»f  Soviet  NSE  estimation 
techniques  considered.  As  was  the  case  with  the  labor  resource,  it  will  be 
necessary  to  partition  the  capital  resource  into  various  qualitative  categories 
in  order  to  obtain  certain  sectoral  burden  ratios  which  will  exhibit  non- 
i ncreasi nq  trends  that  are  characteristic  of  the  Soviet  NSE  estimation 
techniques  considered. 

Turning  now  to  Tables  3.18a,  3.18b,  and  3.18c,  it  may  be  observed  that 
the  economic  burden  ratios  for  the  Soviet  capital  resource  are  partitioned 
according  to  the  three  durability  categories  for  the  period  1966-1971.  In 
Table  3.18a,  the  high-durability  capital  resource  reflects  a  sensitivity  to 
the  choice  of  estimation  technique  in  the  determination  of  the  di recti  on  of 
the  trend  of  the  high-durability  capital  burden  ratio  in  the  following  sectors: 

•  MBMW  (sectors  4  and  5), 

•  Chemicals  (sector  7), 

•  Light  Industry  (sector  9), 

•  Construction  (sector  10),  and 

•  Transportation  and  Communication  (sector  11). 

Of  particular  interest  is  the  Light  Industry  sector  wherein  a  comparison  of  the 
entries  in  Rows  9a  and  9b  of  Column  9  in  Table  3.18c  reveal  a  sensitivity  to  the 
general  disaggregation  rules  presented  in  Table  3.5.  In  addition,  the  entries 
in  Row  9c  and  Column  9  of  the  same  table  display  a  sensitivity  to  the  hypothesis 
with  respect  to  the  expenditure  pattern  for  military  pay  in  the  Food  and  Light 
Industry  sectors.  All  of  the  remaining  sectors  enhibit  a  non-decreasing  trend 
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Ll_ 

2 

3 

4 

5 

6 

- 

$ 

1  1 

■rOW 

Sector 

Estimating 

Sectoral  ntqn- 

Durability  Capita!  Suraen  Satios 

Soinrarv  of  * 
•ne  Suraen 

ecnmque 

4^00 

: 

— TTo 

— ITH — 

Sat'o  ’"end 

La 

Agr^cul ture/ 

Crig 7 no!  -ee 

•  007’ 

.0080 

j  .0082 

.0091 

.0085 

.2090 

* 

!  Lb 

4gri culture/ 

.0136 

.0140 

.0144 

.0163 

.  0 144 

2153 

♦ 

'•odi'ieo  _ee 

C  .01231 

(.01311 

(.0136) 

(.0153! 

.  0136' 

(.0145! 

v») 

1  1C 

Agricul ture/ 

.0151 

.0162 

•  0166 

.0194 

.0135 

.0191  | 

* 

Stanley  Conn 

(.0145. 

(.0147’ 

1  .  .J150) 

1  01'5' 

v  Olo’ 

,  .0173) 

<*>  I 

2a 

.- ue  1  s/ 

Original  cee 

.  1363 

,477  I  147, 

.  1530 

.  1630  ' 

1 

-uels, 

.  1373 

.  14 10 

I  .1501 

.  1531 

.  1592 

.1532  1 

♦ 

Modified  *ee 

{ .  1325 ) 

(.1413) 

t ■ 1504: 

.  .  Ibj4 

I .  Ib94 

(.1634! 

(♦) 

-.els. 

.  C026 

.2047 

1  .2300 

32S 1 

.2252 

* 

l  —  ■■ 

Stanley  Conn 

.  . COOS'. 

(  2052 

.2304’ 

. .2256' 

225  ’ 

.  2061 

4. 

3a 

'■’eta  Is 

Original  l.ee 

.  1036 

.  1114 

|  .1273 

.  1390 

.  1499 

.  1650 

1  * 

'■'e  ta  1  s / 

.0973 

.  1027 

|  . : : 66 

.1231 

.  13o2 

.1489 

e- 

Modified  Lee 

(.0976) 

1. 1030) 

(.1171) 

(.1234) 

(.1365) 

s.1492)  | 

(♦) 

1  * 

Metals/ 

.0702 

.0689 

.0754 

.0808 

.0853 

.0834 

¥ 

Stanley  Conn 

(.0704’ 

(.0695!  (.0760) 

(.0815) 

( .0860! 

(.0841)  . 

(f) 

I  *145 

j 

MBMW/ 

Original  .ee 

.0842 

.0831 

i  .0952 

.  1003 

.  1052 

.1110 

* 

445 

M8MW/ 

.0753 

.0782 

!  .0842 

0893 

0926 

0970 

¥ 

D 

Modi  *'ied  Lee 

( .0753' 

1 .0732 ! 

l|  .0842! 

(.0893' 

(.0926' 

(,J9'0) 

a*' 

i  445 

MBI1W/ 

.0490 

.04t: 

.0492 

.  5505 

.0515 

.0475 

0 

LL 

Stanley  Conn 

(.04901 

( .0471) 

!( .0492) 

(.0505' 

(.0515! 

s.0475) 

.0) 

Sources  or  tne  data  oresented  in  Table  3.18a  are  as  follows. 


•  Sill  -ee  s  original  burden  ratios  use  the  data  in  Tables  3-7b  ind  3-30.  as  weil 
as  iduation  .3-215  in  Aooendlx  3. 

•  3i 1 1  Lee  s  nodi fied  ouroen  ratios  use  tne  lata  in  Tables  3.3  and  3-30.  as  well  as 
iduation  \3-21)  in  Abbendix  3. 

•  Stanley  Conn's  burden  ratios  use  tne  data  in  Tables  3-3b  and  3-30,  as  well  as 
iduation  .3-31)  in  Aopendix  3. 

•  Column  )  orovides  >  summary  of  tne  burden  -atio  trends  wnere  indicates  an 

ncreasino  trend,  indicates  a  oecreasi nq  trend,  'o'  indicates  ;)0  perceptible 
trend,  *’*  indicates  a  cyclical  pattern  ind  a  'non-tncreasinq"  trend  is  identified 
by  either  a  '  or  a  'o  '  symbol  . 

•  ’Hese  sectoral  aggregate  labor  burden  -atlas  ire  based  ,oon  estimates  of  Soviet 
HSc  Inc  I udinc  ni I i tarv  40T3E’  exores  sed  'n  oroducers  or'ces.  'bey  ilso  ’tclude 
a  tecnnoiogi cal  orogress  adjustment  defined  in  Appendix  3. 

•  i.ntr’es  'n  this  taole  without  oarentheses  -eflect  the  a4t  i  36’,  nootnesis  with 
rescect  to  exoendi Cures  tn  the  ;cod  ind  .tgnt  ,'noustrv  sectors,  r9SDec:!ve!_. .  On 

the  atmsr  land,  entries  with  oarentheses  -erlect  the  a‘.*ernative  SO  •  v  80  •  ’\ootres-s. 

fj 

I 
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3 

1 

5 

■Ql 

8 

9  1 

Sector' 

3ow  £sti racing 

Sectoral  -ign-Ouraoi 1 i 

ty  Caoital  Surden  fatios 

Summary  of 

"ec.nnicue 

1966 

1967 

1963 

1969 

1970 

197; 

^at-o  ’re re 

•  Construction  Materials* 

:  Original  ,ee 

.  0S92 

.0885 

.  1000 

.  10 16 

.1083 

.1104 

!  -n  Construction  Materials, 

.0915 

.039' 

.1011 

.  1027 

.  1083 

.  1099 

* 

j  Modified  ,ee 

(.0921; 

(.0903! 

1 .  '.0 16 ! 

(.1034) 

i .  LOSS !  j  ( .  1 10S ) 

v*l 

1  ;  !  Construction  “aterials/ 

|  ;  Stanley  Conn 

.0498 

.04 '6 

.0515 

.0545 

.0532 

.3505 

♦ 

(.0502! 

(.0437) 

1.0526) 

l  .0557) 

1.0544' 

1 .3517' 

(♦) 

Chemicals/ 

3  1  Original  Lee 

.0749 

.0749 

.0771 

.0795 

.0802 

.0822 

..  Chemicals/ 

.0760 

.0753 

.0773 

.0793 

.0797 

.  08 12 

«. 

Modified  _ee 

( . 0763 ; 

l  .0760) 

( .0730! 

. .  0S05 ) 

v .  0803 / 

v . 08  IS ) 

;«•) 

!  ,  (  Chemicals/ 

.3299 

.02*7 

.  02S4 

.0235 

.0230 

>  •'C  1 
.  <- 

_ 

w  Stanley  Conn 

1.  JSCS' 

1.0290' 

(  .0297’ 

...0293) 

.0293) 

-■0274' 

3a  ;jod/  , 

Original  _ee 

.  CC92 

.0090 

.0093 

.0100 

.0098 

.  0106 

* 

qb  ;j0d/ 

.0173 

.0163 

.0177 

.0194 

.0132 

.3197 

* 

'’edified  Lee 

(.0156) 

(.0151) 

( .0160! 

(.0174) 

1 .0165) 

1.0173) 

(*) 

•  3  rood/ 

c  Stanley  Conn 

.0199 

.0207 

.0213 

.0246 

.0251 

.0264 

+ 

(.0136) 

(.0176) 

(.3135) 

1.0209) 

(.0214; 

(.0224) 

(*! 

3  i  Lignt  Industry/ 

1  Original  Lee 

.0256 

.0243 

.0260 

.0262 

.0259 

.0253 

♦ 

I  Lignt  Industry/ 

;  '  Modified  Lee 

.0351 

.0323 

.0354 

.0353 

.0343 

.0345 

. 

(.0338) 

(.0366) 

1.0390) 

1.0399) 

1.037') 

(.03  SO) 

(-! 

!  .  Lignt  Industry/ 

|  Stanley  Conn 

.0337 

.0292 

.0301 

.0312 

.2310 

.2309 

- 

( .0366) 

(.0359) 

(.0372) 

(.0336) 

(.2384' 

1 .0385) 

(') 

:  '  Construction/ 

Original  ^ee 

.0161 

.0155 

.0177 

.0173 

.0184 

.3169 

- 

!  .  1h  t  Construction/ 

1  Modified  Lee 

.0161 

.0155 

.0177 

.0173 

.2134 

.  3 169 

* 

(.0161) 

(.0155) 

(.0177) 

(.0173) 

(.0134) 

v  .0169  J 

,q  Construction/ 

.0052 

.0050 

.0056 

.0059 

.0053 

.0045 

0 

|  ‘  j  Stanley  Conn 

(.0052) 

(.0050) 

(.0056) 

(.0059) 

(.0053! 

( .0045) 

to) 

"ransBortation  and 

1 

'  '.la  Communication/ 

.0075 

.0073 

.0087 

.0090 

.3095 

.  2099 

* 

Original  Lee 

transaortation  and 

.0077 

.0073 

.0036 

.0090 

.0093 

.0097 

Modified  Lee 

(.0077) 

(.0073) 

(.0087) 

1.0090) 

(.309  3) 

1.3097' 

"ransBortation  and 

.0123 

.0123 

.0134 

.0139 

.0131 

.0121 

Stanley  Conn 

( .0123) 

(.0123) 

(.01351 

(.0139) 

1.0131) 

v  .01211 

\  0 ' 

Trade  and  Oistrifcution/ 

1  Original  Lee 

.0019 

.0020 

.0023 

.0022 

.3023 

.3024 

* 

. .,s  "rade  ind  Oi stnout'cn/ 

.0022 

.0022 

.  0026 

.  JCC5 

.3024 

.2025 

Modified  cee 

v.oc::' 

v  .0022 ! 

1.0026) 

1.0024' 

( .3024' 

*.0025' 

v 

frsae  and  CiStr-Sution/ 

.0020 

.2020 

.0023 

2022 

.  302 1 

.0021 

. 

Stanley  Conn 

V  .  'u*.  J 

1.2020' 

.  .0022' 

1.2021; 

l  0021' 

.COCO' 

♦ 
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i 

1 

3 

5 

6 

7 

i 

4 

Sector/ 

Estimating 

Technique 

Sectoral 

Middle- 

Ouraoi 1 

ty  Capita)  Euroen  Aatus 

S  unwary  of 

1366 

1967 

1963 

1969 

1970 

1971 

Eatid  Trend  1 

U 

Agri cul Cure/ 

Original  Lee 

.0089 

.0092 

.0095 

.0105 

,0097 

.0103 

1 

- 

Lb 

Agricul  ture/ 

Modified  Lee 

.0156  i  .0161 
l. Old?)  (.0151) 

.0166 

(.0157) 

.0138 
(.0175 ) 

.0166 

1 .0156) 

.0176 
( .  0 166  • 

lc 

Agricul  ture/ 

Stanley  Cohn 

.0173 

1 .0 166 ) 

.0187 
i  .0169! 

.0192 

(.0173) 

.0223 

1.0201) 

.0212 

1.0192! 

.0220 

1.0198) 

♦ 

(♦) 

:a 

Fuels/ 

Original  Lee 

.0539 

.0622 

.3665 

.0680 

.0711 

.0733 

* 

Fuels/ 

Modified  Lee 

.0602 

1 .0603) 

.061’ 

.  .06 13' 

.0656 

1.0657' 

.0672 
,  .0673) 

.0694 
l  .0695' 

.0712 
i  .0713) 

«•) 

i  2c 

Fuel $/ 

Stanley  Oonn 

.  OSSS 

V  3383) 

.0395 

(.0897' 

.  10C5 
(.1007) 

.  1001 

1 .  1003) 

.0987 
i .  3989 ! 

.0897 
^ . 0899 ' 

\») 

,  3a 

Metals/ 

Original  Lee 

.0852 

.0913 

.1048 

.1141 

.1232 

■  1349 

♦ 

!  3b 

Metals, 

Modified  Lee 

.0800 
( . 0802 ) 

.0841 

(.0844) 

.0962 

(.0964) 

.1051 

(.1054) 

.1120 

(.1123) 

.1217 

(.1220) 

(♦) 

I  3c 

Metals/ 

Stanley  Cohn 

.0577 

(.0579) 

.0564  |  .0621 
( .0569 ) ( ( .0626) 

.0663 

(.0663) 

.0701 

(.0707) 

.0682 

(.0687) 

(♦) 

1  dip 

i  A 

M8MW/ 

Original  Lee 

.0534 

.0560 

.0607 

.0637 

.0668 

.0703 

I  445 

1  a 

M8MW/ 

Modified  Lee 

.0481 

v.0481! 

.0497 

(.0497) 

.0537 

(.0537) 

.0567 

1.0567) 

.0588 

(.0538) 

.0614 

(.0614) 

V*) 

445 

1  £ 

MBMW/ 

Stanley  Cohn 

.0311 

(.0311) 

.0300  1  .0313 
(.03C0)| (.0313) 

.0321 

(.0321) 

.0327 

(.0327' 

.0301 

(.0301) 

i*) 

Sources  pf  the  data  presented  in  Table  3. 13b  are  as  follows; 

•  3(11  wee's  original  burden  ratios  use  the  data  in  Tables  3- 7b  and  3-31,  as  well 
as  Equation  i, 3-2 1 )  in  Apoendix  3. 

t  3ill  Lee's  modified  ourden  ratios  use  the  data  in  Tables  3.3  and  3-31,  as  well 
as  Equation  i. 3-2 1 )  in  .Apoendix  3. 

•  Stanley  Cohn's  burden  ratios  use  the  data  in  Tables  S-3b  and  3-31.  as  well  as 
Equation  ,3-21)  in  Aooendix  3. 

•  Column  3  provides  a  summary  of  the  ourden  ratio  trends  wnere  indicates  an 
increasing  trend.  “-"  indicates  a  decreasing  trend,  "a“  indicates  no  perceptible 
trend"!  r*!f’  indicates  a  cvcl  ical  pattern,  and  a  "non-increasing  '  trend  is  identified 
Dy  either  a  '-'  or  a  'o'  symool . 

«  ~hese  sectoral  aggregate  labor  burden  ratios  are  oased  upon  estimates  of  Sov-et  NSE 
I  including  nilitary  3CT3E!  expressed  in  producer's  prices.  "Iiey  also  include  a 
technological  progress  adjustment  defined  in  Aooendix  3. 

•  Entries  in  this  table  without  parentheses  reflect  the  64*.  i  361  hyootnesis  with 
-esoect  to  expenditures  in  tne  food  ind  .ignt  Industry  sectors,  ■■esoecti  vel  y .  3n 

the  other  nand,  entr-es  with  parentheses  --er'iect  the  alternative  301  i  SOS  hypothesis. 
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Table  3.13b  (continued) 
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Sector/ 

Estimating 

'ecnnidue 

Construction  Materials, 
Original  -ee 

Cons tructi on  Materials, 
Modified  -ee 

Construction  Materials, 
Stanley  Conn 

|  Chemical s, 

Original  -ee 

Chemi cals, 

Modified  -ee 

Chemi cals 
Stanley  Conn 

rOOd/ 

Original  -ee 
food/ 

Modified  -ee 
food/ 

Stanley  Conn 

,  Lignt  Industry/ 

‘  Jri gi ral  Lee 

Light  Industry/ 
Modified  uee 

I  -ignt  Industry/ 

Stanley  Conn 

Construction/ 

Original  Lee 

Construction, 

Modified  -ee 

Construction/ 

Stanley  Conn 

'-snsoortation  and 
Communi cation/ 

Original  Lee 

*rjnsoortation  and 
Coirmum  cation/ 

Original  -ee 


Sectoral  Mi ddle-Ounoi '  ■  ty  Capital 
196d  196 0  1966  1969 


.0535  .0536  1  .0600 

.0509  .0544  .0606 

1 .0552}  I ( .0548 )  j  ( .0610 ) 

!  .0299  .0289  .0309 

1 .0301) 1 1 .0295)  j(  .03161  , 

.0539  .0539  .0556 

I  j 

.0547  .0542  !  .0557 

1.0553) • i.0543' i ( .0562 !  , 

0215  .0200  .0205 

..0219’  ,  .0209;  i  02 14. 

.0037  .0086  .0088 

i 

.0165  .0160  .0167 

1.0149)  li. 0144)  n. 0151)1  i 

.0189  :  .0197  .0206 

’ V -0177)  1  .0168)  .1.0175):  | 

.0265  j  .0253  '  .0269  1 

1  .0363  i  .0341  ,  .0366 

I  i .0402) J ( .0380)  j( .0403) !  i 

.0319  j  .0303  1  .0312  1 

U. 0379)  |(. 0374)  ( .0385 )  I 

.0345  ;  .0330  !  .037S 

j  ! 

.0345  .3330  .0373 

\  0345) !(. 0330)  '{ .0373!  , 

.0110  ,  .0106  .0119 

1. 0110) ;(. 0106)  l  .0119) | i 

; 

.0041  .0042  .0047 


,.0622):/. 


1  Surden  fatits.  Nummary  of 

_ _  the  3uroen 

,9'0  19".  fat "rend 

.0653  .3666 

.0654  .3665 


.0328 

.0335! 

1 

( .  0329 ' 

.0306 
i  .0313 

.0576 

,  .0531 

.0591 

.0578 

.057' 

0535 

0583! 

,.0581 

v  .0569 

.0206 

'  "l;03, 

.0138 

.  02  16 

■  3  2 1 2 

.019' 

.0095 

.0094 

.0101 

.0135 

1.0166)  j  ( 

.0234 

^ .0200) : ( 


.0371  ; 
*.0412)!; 

.0323 
(.0400!  , 


.3370  1 
(.0370) | ( 

.0125 
i  .0125) h 


.0173  .0137 

.0156 i  1 .0169 

.0238  .0250 

.0203)  ,v .0212) 

.0267  !  .0270 

I 

.0353  i  .036  1 
.0388!  H.J398) 

.0319  :  .0324  . 

.0395) ,( .0403! 

1 

.0394  '  .0360 

.0394  .0360 

.0394)  .0360)  : 

.0113  .0096 

.0113)  .( .0096} 


.0042  .0042  .0047 

(.0042)  , .0042)  ,(.0047)| 


.0049 
z .0049) 1 ( 


0050  . 0052 

0051'  (.0053) 


"-ansoortation  and 

1  11c  lommumcaticn/ 

Stanley  3onn 

.0067 
, .0067' 

.0067 

(.0067' 

.00^3 

(.0073) 

.0073 

.0076: 

.0071 
v  .0071' 

.  0066 
, .0066' 

* 

*  > 

.,  'race  ind  Oistr'dution/ 
j  Original  -ee 

.0007 

.0007 

.  300S 

.0008 

.0008 

COOS 

1 

>jce  ina  Oisrrisuc'.on 

0008 

3009 

.  0009 

.  cccs 

.  0039 

-  i 

m0<31  3£J 

.0007' 

, . 0008 ' 

v .3009 ' 

. 0003 ' 

v .0008 

,0009 

‘race  ina  ristr^cution. 

.  oco  * 

.0007 

0008 

.3008 

000' 

.0007 

j  i 

j  Stan’ev  Conn 

. .0007' 

•, .  0007 ' 

,  .  CCC8' 

.  ->00  • 

, .  COO" 

. OCO  7  * 

,0 
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3 

3 

4 

5 

6 

- 

3 

9 

Aow 

Sector- 

Estimating 

sectoral  .ow-Ouraoili 

ty  Capital  Suraen  Aafcs 

$  unwary  of 
tne  3urden 

"ecnniqu* 

i  .966 

1967 

1753 

I3e9 

1370 

Tiri 

Aatio  ’’•end 

| 

.d 

Agricul tore/ 

Original  -ee 

.3053 

.  0055 

.0059 

.  0067 

.0070 

3C76 

m 

Agricul ture/ 

.  J093 

.0095 

.0104 

.0120 

.0119 

.0130 

s'oaified  tee 

(.0087) 

( .  CC89 ' 

(.0098) 

(•0112) 

(.0113) 

( .0122) 

1*)  i 

|  ,  , 

Agricul ture/ 

.0103 

.0111 

.0120 

.0142 

.0153 

.0162 

,  ! 

Stanley  Conn 

v .0099 

(.0100) 

(.0108) 

(.0123! 

(.0138) 

(.0148 

(♦) 

;  -a 

“  utl  $ 

Ori^inai  Lee 

.0071 

.0101 

.0098 

.0147 

.0103 

.0168 

* 

rue  1  s 

.0072 

.0100 

.0097 

.  0 146 

.0100 

.0163 

* 

Modified  .ee 

(.0072! 

; .  0  loo ' 

,  .3097' 

( •  0  *46  / 

.  .0100' 

.  0163 ) 

1*)  ! 

- 

r  cel  s, 

.0106 

.0145 

.0143 

.021' 

.0142 

.0205 

■  -- 

Stanley  Conn 

i  .01061 

(.0145) 

V  .0149' 

Q  1  ■  '  j 

{  ■  0  14  3  - 

\.3236' 
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Equation  .3-21)  in  Aqpenaix  3. 
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with  respect  to  the  hi gh-durabi 1 i ty  capital  burden  ratio  for  the  various 
estimation  techniques  considered,  so  the  burden  incidence  of  Soviet  NSE  does 
fall  upon  these  remaining  sectors.  As  may  be  observed,  none  of  the  economic 
sectors  in  TaDle  3.18a  have  avoided  tne  burden  incidence  of  Soviet  NSE  witn 
respect  to  the  high-durability  capital  resource. 

The  middle-durability  capital  resource  in  Table  3.18b  reflects  a  sen¬ 
sitivity  to  the  choice  of  estimation  tecnnique  for  determining  the  trend  of 
middle-durability  capital  burden  ratio  in  the  following  sectors: 

•  Chemicals  (sector  7) , 

•  Light  Industry  (sector  9),  and 

t  Trade  and  Distribution  (sector  12). 

Again,  the  Light  Industry  sector  is  of  particular  interest.  For  example,  an 
examination  of  the  entries  in  Column  9  for  Rows  9a,  9b,  and  9c  of  Table  3.18b 
reveals  a  sensitivity  not  only  to  the  general  disaggregation  rules  presented 
in  Table  3.5,  but  also  to  the  hypothesis  with  regard  to  the  expenditure  pattern 
for  military  pay.  All  of  the  remaining  sectors  exhibit  a  non-decreasi nq  trend 
with  respect  to  the  middle-durability  capital  burden  ratio  for  all  of  the 
estimation  techniques  considered,  so  the  Soviet  NSE  burden  incidence  does  fall 
upon  them.  However,  none  of  the  economic  sectors  in  Table  3.18b  has  definitely 
avoi ded  the  Soviet  NSE  burden  incidence  upon  the  middle-durability  capital 
resource  category  for  all  estimation  techniques  considered. 

In  Table  3.18c,  the  low-durability  capital  resource  does  display  a  non- 
increasing  trend  in  the  sectoral  burden  ratios  for  the  following  sectors  that 
is  characteristic  of  all  of  the  Soviet  NSE  estimation  techniques  considered: 

t  Construction  Materials  (sector  6), 

•  Chemicals  (sector  7), 

•  Light  Industry  (sector  9),  and 

t  Transportation  and  Communication  (sector  11). 

So,  it  may  be  observed  that  these  four  sectors  have  definitely  avoided  the 
burden  incidence  of  Soviet  NSE  on  inventories  insofar  as  the  various  estimation 
techniques  considered  are  concerned.  However,  it  may  also  be  observed  that 
the  following  economic  sectors  are  sensitive  to  the  choice  of  estimation 
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techniques  ana  to  the  hypothesis  with  respect  to  the  expenditure  pattern  for 
military  pay  from  the  standpoint  of  determining  the  direction  of  the  trend 
of  the  low-duraDi 1 i ty  capital  burden  ratio: 

•  MBMW  (sectors  4  and  5), 

•  Food  ^sector  8) ,  and 

•  Trade  and  Distribution  (sector  12). 

All  of  tne  remaining  sectors  in  TaDle  3.18c  exhibit  a  non-decreasing  trend  in 
terms  of  the  inventory  capital  burden  ratio  for  the  estimation  techniques 
considered,  so  the  burden  incidence  of  Soviet  NSE  dees  fall  upon  them. 

Proceeding  now  to  Tables  3.19a  and  3.19b,  the  fundamental  burden  incidence 
pattern  occasioned  by  Soviet  NSE  for  the  labor  and  capital  resources  are  parti¬ 
tioned  by  qualitative  categories  as  snown.  For  example,  Table  3.19a  provices 
a  summary  of  the  trend  of  the  burden  ratios  in  Column  9  of  Tables  3.17,  3.13a, 
3.13b,  and  3.18c  for  the  Soviet  labor  resource  by  skill  category.  The  funda¬ 
mental  burden  incidence  pattern  for  the  labor  resource  is  reflected  by  the 

blank  entries  in  Columns  7,  8,  and  9  of  Table  3.19a  for  each  economic  sector 

256 

and  each  skill  category.  The  "?"  entries  in  Column  9  indicate  those  economic 
sectors  and  skill  categories  which  are  not  included  in  the  fundamental  burden 
incidence  pattern  because  the  directions  of  the  trends  of  their  burden  ratios 
are  sensitive  to  the  choice  of  estimation  technique  and  to  the  hypothesis  with 
respect  to  the  expenditure  pattern  for  military  pay.  On  the  other  hand,  the 
"o"  and  entries  indicate  those  economic  sectors  and  skill  categories  which 
are  not  included  in  the  fundamental  burden  incidence  pattern  because  the  various 
estimation  techniques  considered  reveal  a  "non-increasing"  trend  with  respect 
to  the  direction  of  the  burden  ratios.  Those  economic  sectors  and  skill  cate¬ 
gories  with  "non-increasing"  burden  ratio  trends  for  the  estimation  techniques 
considered  have  certainly  avoi ded  the  burden  incidence  of  Soviet  NSE  insofar  as 
these  skill  categories  of  the  labor  resource  are  concerned. 

The  fundamental  burden  incidence  pattern  for  the  capital  resource  is 
reflected  by  the  blank  entries  in  Columns  7,  8,  and  9  of  Table  3.19b  for  each 
economic  sector  and  each  durability  category.  The  "?",  "o",  and  entries 

per 

In  order  for  a  given  economic  sector  and  labor  skill  category  to  be  induced 
in  the  fundamental  burden  incidence  pattern,  a  or  entry  must  be 
present  in  Columns  4,  5,  and  6  of  Table  3.19a  for  all  of  the  estimation 
techniques  considered. 


** _ i^-Jl 
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Table  3. 19a 
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Sources  of  the  data  presented  in  fable  3.19a  are  as  follows. 


•  Column  3  is  Taken  from  Column  9  of  fable  3.15. 

•  Column  i  Is  taken  from  Column  9  of  fable  3.16a. 

•  Column  S  is  taken  from  Column  9  of  fable  3.16b. 

•  Column  6  is  taken  from  Column  9  of  fable  3.16c. 


Column  7  is  taken  from  Column  4.  a  'non-decreasinq  '  ouroen  '-atio  trend  is 
for  i_IJ_  estimating  tecnniques  in  order  to  qualify  a  Denticular  sector  for 
in  tde  fundamental  burden  incidence  pattern. 

Column  6  is  -aken  from  lolurnn  S;  a  "non-decreasi ng '  burden  ratio  trend  is 
*'.ir  j_U  estimating  techniques  in  qrfler  to  qualify  a  Denticular  sector  for 
in  ‘ne  fundamental  Durden  incidence  oattern. 

Column  )  is  fjcen  from  Column  6;  a  ’non-decreasing"  burden  ratio  trend  s 
•'or  ij_l_  estimating  techniques  in  order  to  qualify  j  particular  sector  -or 
in  the  fundamental  burden  incidence  oattern 
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Table  3.19a  (continued) 


The  fundamental  Burden  Incidence  Pattern  for  the  Soviet  Labor 
Resource  by  Skill  Category  and  Economic  Sector  (1966-1971)  351 
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Table  3. 19b 

The  Fundamental  Burden  Incidence  Pattern  for  the  Soviet  Capital 
Resource  by  Durability  Category  and  Economic  Sector  (1966-1971)  252 
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Sources  of  the  data  presented  in  'able  3.19b  are  as  follows: 


•  Column  3  is  taken  from  Column  9  of  Table  3.17. 

•  Column  9  is  taken  from  Column  9  of  Table  3.18a. 

•  Column  5  is  taken  'rcm  Column  9  of'  Table  3.18b. 


•  Column  6  is  taken  "rom  Column  9  of  Table  3.18c. 

•  Column  7  is  taken  from  Column  4;  a  "non-decreasing1'  burden  ratio  trend  is  required 
for  ajn  estimation  techniques  in  order  to  qualify  a  oartlcular  sector  for  inclusion 
in  the  fundamental  burden  incidence  oattern. 


•  Column  8  is  taken  from  Column  a;  a  'non-decreasing1'  burden  ratio  trend  is  required 
for  aj_]_  estimation  techniques  in  order  to  qualify  a  particular  sector  for  inclusion 
in  the  -'undamenta!  incidence  oattern. 


•  Column  9  is  taken  from  Column  6,  a  'non-decreasing1'  burden  ratio  trend  ’s  -eaui-eo 
for  iJJ_  estimation  techniques  in  order  to  qualify  a  particular  sector  ‘‘or  '-clusipn 
in  the  fundamental  incidence  oattern. 


•  entries  in  this  taoie  without  parentheses  reflect  the  64«  to  36.  nyootresis  with 
-esoect  to  expenditures  m  tne  -ood  ind  ugnt  Industry  sectors,  -essectively.  n 
the  other  hand,  entries  with  Parentheses  reflect  tne  alternative  bOt  i  SOt  nycotnesis. 
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Table  3.19b  (continued) 

The  Fundamental  Burden  Incidence  Pattern  for  the  Soviet  Capital 
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denote  those  economic  sectors  and  durability  categories  that  are  not_  included 
in  the  fundamental  burden  incidence  pattern  for  the  following  reasons: 

•  The  "?"  entries  are  not  included  because  the  directions  of 
the  trends  of  their  burden  ratios  are  dependent  upon  the 
choice  of  estimation  techniques  and  the  hypothesis  with  respect 
to  the  expenditure  pattern  for  military  pay. 

•  The  "o"  and  entries  are  not  included  because  those  economic 
sectors  and  durability  categories  with  "non-increasing"  trends 
with  respect  to  the  economic  burden  ratios  for  the  various 
estimation  techniques  considered  have  avoided  the  Soviet  NSE 
burden  incidence  on  those  capital  resource  durability  categories. 


A  sensitivity  analysis  for  the  fundamental  burden  incidence  pattern  of 
Soviet  resource  allocation  associated  with  each  baseline  estimation  methodology 
is  presented  in  Table  2.2.  The  three  proposed  changes  in  the  experimental 
conditions  may  be  summarized  as  follows: 

•  A  change  in  the  assumption  that  "all  technological  progress 
appears  in  the  final  demand  where  fewer  inputs  are  required 
over  time  to  obtain  a  unit  of  final  product"; 

•  Elimination  of  the  special  sectoral  pattern  of  RDT&E  expen¬ 
ditures  from  the  estimates  of  Soviet  NSE  by  sector;  and 

•  A  test  of  the  importance  of  performing  the  burden  ratio 
computations  with  input-output  data  in  producer's  prices 
instead  of  in  purchaser's  prices. 


Inasmuch  as  these  three  changes  may  be  imposed  one  at  a  time,  two  at  a  time, 

or  all  three  simultaneously,  then  Table  3.20  actually  defines  eight  alternative 
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experimental  designs,  which  may  be  identified  as  follows: 
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The  eight  experimental  conditions  [i.e.  ,  2^=fgj  +  |^j  +  j|j  +  |^j  =  l+3+  3+1=8]  are 
also  defined  in  Table  8- 35  of  Appendix  B.  One  experimental  design  [i.e., 
!q|*1]  corresponds  to  Tables  3.19a  and  3.19b;  three  experimental  designs 

[i 


,e. 


=3]  correspond  to  the  three  changes  being  imposed  one  at  a  time; 


three  experimental  designs  [i.e.,  |2j=^  correspond  to  the  three 

imposed  two  at  a  time;  and  one  experimental  design  [i.e.,  !j|sl] 
all  three  changes  being  imposed  simultaneously. 


changes  being 
corresponds  to 
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il 


•  The  fundamental  burden  incidence  pattern  in  Tables  3.19a 
and  3.19b  corresponds  to  Experimental  Design  No.  1  in 
Table  3.20; 


The  three  changes  that  are  imposed  one  at  a  time  correspond 
to  Experimental  Design  Nos.  2,  3,  and  5  in  Table  3.20,  and 
the  associated  fundamental  burden  incidence  patterns  are 
summarized  in  Tables  3.21a  and  3.21b; 


The  three  changes  that  are  imposed  two  at  a  time  correspond 
to  Exerpimental  Design  Nos.  4,  6,  and  7  in  Table  3.20,  and 
the  associated  fundamental  burden  incidence  patterns  are 
summarized  in  Tables  3.22a  and  3.22b;  and 


The  three  changes  that  are  imposed  simultaneously  correspond 
to  Experimental  Design  No.  8  in  Table  3.20,  and  the  associated 
fundamental  burden  incidence  pattern  is  summarized  in  Tables 
3.23a  and  3.23b. 


Inasmuch  as  Tables  3.21,  3.22  and  3.23  include  the  eight  types  of  resources  by 
sector  defined  in  Table  B- 36  of  Appendix  B,  then  the  results  of  the  64  different 


experiments  performed  may  be  described  in  terms  of  changes  in  the  fundamental 
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burden  incidence  patterns  compared  to  Table  3.19. 


Table  3.20 

Eight  Basic  Experimental  Designs  for  Estimating  the  Soviet  Economic 
Burden  Ratios  Associated  with  a  Given  Baseline  Methodology  for 

Estimating  Soviet  NSE 
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Inasmuch  as  the  computations  in  Tables  3.15,  3.16a,  3.16b,  3.16c,  3.17,  3.18a,  3.18b, 
and  3.18c  must  be  performed  for  each  of  the  eight  experimental  designs  in  Table  3.20, 
the  combinations  constitute  the  64  different  experiments  performed. 


"Without  Producer's  Prices"  means  that  the  Leontief  Inverse  in  Purchaser's  Prices  in 
Table  B-34  of  Appendix  B  replaces  the  Leontief  Inverse  in  Producer's  Prices  in  Table 
B- 1  in  the  same  appendix. 
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Table  3.21a  reflects  the  di rections  of  the  trends  of  the  economic  burden 
ratios  for  tne  Soviet  labor  resource  by  skill  categories  for: 

•  Each  of  the  twelve  economic  sectors, 

•  One  of  the  three  experimental  conditions  considered,  and 

?5Q 

«  Experimental  Designs  Nos.  2,  3,  and  5. 

Since  Experimental  Design  No.  2  excludes  only  RDT&E  expenditures,  then  the 
corresponding  fundamental  burden  incidence  pattern  in  Table  3.21a  may  be  compared 
to  the  original  fundamental  burden  incidence  pattern  in  Table  3.18a.  As  may  be 
observed,  the  Food  sector  appears  to  be  the  most  sensitive  to  the  exclusion  of 
RDT&E  expenditures,  because  the  low-skill  labor  category  definitely  avoids  the 
burden  incidence  of  Soviet  NSE  when  this  particular  experimental  condition  is 
changed.  Although  Experimental  Design  No.  3  eliminates  only  the  adjustment  for 
technological  progress  productivity,  the  corresponding  fundamental  burden 
incidence  pattern  in  Table  3.21a  is  drastically  altered  when  compared  to  the 
original  r  Jamental  burden  incidence  pattern  in  Table  3.18a.  When  the  adjust¬ 
ment  for  technological  progress  productivity  is  eliminated,  then  all  economic 

sectors  and  all  labor  skill  categories  will  absorb  the  burden  incidence  of  Soviet 
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defense  spending.  Finally,  Experimental  Design  No.  5  changes  the  leontief 
inverse  used  in  the  burden  ratio  computations  from  producer's  prices  in  Table 
8-1  of  Appendix  B  to  purchaser's  prices  in  Table  B - 34 .  Generally  speaking,  it 
is  much  easier  to  obtain  input-output  (I/O)  data  in  purchaser's  prices  and  then 
perform  the  preliminary  computations  and  analyses.  Only  1,  er  does  the  "theore¬ 
tically"  more  appropriate  input-output  data  in  producer's  prices  become  available 
which  conform  with  other  data  in  the  Soviet  statistical  handbook  N. Kh .  Then, 
the  preliminary  computations  are  revised.  However,  the  fundamental  burden  inci¬ 
dence  pattern  corresponding  to  Experimental  Design  No.  5  in  Table  3.21a  does  not 

The  sensitivity  analysis  experiments  in  Tables  3.21,  3.22,  and  3.23  have  only 
been  performed  with  Bill  Lee's  original  estimation  technique  and  that  of  Stanley 
Cohn.  A  more  complete  sensitivity  analysis  will  require  the  use  of  Bill  Lee's 
modified  technique  and  the  CIA  direct  costing  estimation  technique. 
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Actually,  the  Fuels,  Conduction  Materials,  and  Trade  and  Distribution  sectors 
have  "?"  entries  for  Experimental  Design  No.  3  which  indicates  some  sensitivity 
to  the  choice  of  estimation  technique  or  to  the  hypothesis  with  regard  to  the 
expenditure  pattern  for  military  pay.  Elimination  of  the  productivity  for 
technological  progress  in  Experimental  Design  No.  3  corresponds  to  the  substi¬ 
tution  of  Equation  B- 27  into  Equation  B-16,  which  is  used  in  Equations  B-17, 

B-18,  3-19  and  B-21. 


Table  3.21a 

Sensitivity  of  the  Fundamental  Burden  Incidence  Pattern  for  the  Soviet 
Labor  Resource  (by  Skill  Category  and  Economic  Sector)  to  Changes 
in  One  of  Three  Experimental  Conditions  (1966-1971)  262 
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Sources  of  the  tata  oresented  in  ‘able  3.2la  are  is  follows; 
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show  that  much  change  occurs  when  compared  to  the  original  fundamental  burden  inci¬ 
dence  pattern  in  Table  3.21a.  The  same  sectors  which  originally  avoided  the 
burden  incidence  of  Soviet  defense  spending  are  unchanged  by  the  experimental 
condition  in  Experimental  Design  No.  5.  Consequently,  in  tne  case  of  the  Soviet 
labor  resource,  when  only  one  of  the  three  experimental  conditions  are  changed 
at  a  time,  then  the  original  fundamental  burden  incidence  pattern  is  the  most 
sensitive  to  the  elimination  of  the  productivity  adjustment  for  technological 
progress  (i.e..  Experimental  Design  No.  3).  On  the  other  hand,  it  is  the 
least  sensitive  to  whether  the  leontief  Inverse  is  expressed  in  producer's  prices 
or  in  purchaser's  prices.  The  inclusion  or  exclusion  of  RDT&E  expenditures  has 
a  moderate  impact  on  the  original  fundamental  burden  incidence  pattern. 

Table  3.22a  reflects  the  directions  of  the  trends  of  the  economic  burden 
ratios  for  the  Soviet  labor  resource  by  skill  categories  for: 

•  Each  of  the  twelve  economic  sectors, 

•  Two  of  the  three  experimental  conditions  considered,  and 

•  Experimental  Designs  Nos.  4,  6,  and  7. 

Since  Experimental  Design  No.  4  is  equivalent  to  the  imposition  of  both  Experi¬ 
mental  Designs  Nos.  2  and  3  simultaneously  (i.e.,  excluding  RDT&E  expenditures 
and  eliminating  the  adjustment  for  technological  progress  productivity),  then 
the  most  important  experimental  condition  should  dominate  the  fundamental  burden 
incidence  pattern  in  Table  3.22a.  Consequently,  the  results  of  Experimental 
Design  No.  4  are  very  similar  to  those  in  Experimental  Design  No.  3  due  to  the 
dominant  influence  that  the  productivity  adjustment  for  technological  progress 
has  upon  changing  the  original  fundamental  burden  incidence  pattern  in  Table  3.19a. 
Next,  since  Experimental  Design  No.  6  is  equivalent  to  the  imposition  of  both 
Experimental  Designs  Nos.  2  and  5  simultaneously  (i.e.,  excluding  RDT&E  expenditures 
and  using  a  Leontief  inverse  in  purchaser's  prices),  then  there  is  not  much  change 
from  the  original  fundamental  burden  incidence  pattern  in  Table  3.19a.  This 
situation  reflects  the  much  milder  impact  that  the  RDT&E  expenditures  ana  the 
Leontief  inverse  in  purchaser's  prices  (as  experimental  conditions)  have  upon 
the  fundamental  burden  incidence  pattern  in  Experimental  Design  No.  6  of  Table 
3.19a.  Finally,  Experimental  Design  No.  7  is  equivalent  to  the  imposition  of 
both  Experimental  Designs  Nos.  3  and  5  simultaneously  o.e.,  eliminating  the 
productivity  adjustment  for  technological  progress  and  using  a  Leontief  inverse 


Table  3.22a 

Sensitivity  of  the  Fundamental  Burden  Incidence  Pattern  for  the 
Soviet  Labor  Resource  (by  Skill  Category  ana  Economic  Sector) 
to  Changes  in  Two  of  Three  Experimental  Conditions  (1966-1971)  ^63 
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order  to  dualify  1  particular  sector  for  inclusion  ir.  me  -'unoamental  ouraer  ’ncvcence  cattem  as  "oai*'eo 

•  Col  jm  ?  is  tanen  J,rom  Column  5;  a  'non- decreasing  ‘  auraen  -uio  trend  •$  -eouirea  ‘or  1 1  ■  estmaticn  tecnmoues  *n 

praer  to  aualify  a  particular  sector  ‘or  mclusion  in  tne  mnaainenta i  Durden  incidence  cattem  as  -oai -‘■■ed ! . 
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oay  m  t.nt  Food  and  -ignt  Industry  sectors,  -esoect-vely .  In  tne  ttner  rand.  ent-’es  «itn  carenmeses  -e^ect  t.nt 
alternative  50*  i  50*  nypotnesis. 


223 


in  purchaser's  prices).  Of  course,  in  view  of  the  dominant  influence  that 
the  productivity  adjustment  for  technological  progress  has  upon  changing 
the  original  fundamental  burden  incidence  pattern  in  Table  3.19a,  the  results 
of  Experimental  Design  No.  7  are  very  similar  to  those  of  Experimental  Design 
No.  3. 


Table  3.23a  reflects  the  directions  of  the  trends  of  the  economic  burden 
ratios  for  the  Soviet  labor  resource  by  skill  categories  for: 

•  Each  of  the  twelve  economic  sectors, 

t  All  of  the  three  experimental  conditions  considered,  and 

#  Experimental  Design  No.  8. 

Inasmuch  as  Experimental  Design  No.  8  corresponds  to  the  imposition  of  all  three 
experimental  conditions  simultaneously,  then  a  comparison  of  Table  3.19a  and 
Table  3.23a  reflects  the  total  impact  upon  the  fundamental  burden  incidence 
pattern.  Since  the  number  of  blank  entries  for  sectors  in  Columns  7,  S,  and  9 
of  Table  3.23a  exceeds  the  number  of  blank  entries  for  sectors  in  Columns  7,  8, 
and  9  of  Table  3.19a,  then  the  total  impact  of  the  three  experimental  conditions 
is  to  increase  the  fundamental  burden  incidence  pattern  for  the  labor  resource 
associated  with  Soviet  NSE.  By  contrast, wi th  respect  to  the  capital  resource, 
a  comparison  of  Table  3.19b  and  Table  3.23b  indicates  that  the  number  of  blank 
entries  for  sectors  in  Columns  7,  8,  and  9  are  exactly  equal .  However,  the 
distribution  of  the  fundamental  burden  incidence  pattern  among  the  twelve  economic 
sectors  and  the  three  durability  categories  has  definitely  changed  as  a  result 
of  the  total  impact  of  the  three  experimental  conditions.  This  dramatic  difference 
in  the  total  impact  upon  the  fundamental  burden  incidence  pattern  associated 
with  Soviet  NSE  (which  the  three  experimental  conditions  have  upon  the  capital 
resource),  in  contrast  to  the  labor  resource,  warrants  closer  examination. 

Table  3.21b  reflects  the  di recti ons  of  the  trends  of  the  economic  burden 
ratios  for  the  Soviet  capital  resource  by  durability  categories  for  each  of  the 
twelve  sectors  and  two  of  the  three  estimation  techniques  considered  for 
Experimental  Designs  Nos.  2,  3,  and  5.  Excluding  only  RDT&E  expenditures. 
Experimental  Design  No.  2  in  Table  3.21b  reveals  a  change  among  sectors  and 
durability  categories  when  compared  to  the  original  fundamental  burden  incidence 
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Sensitivity  of  tne  Fundamental  Burden  Incidence  Pattern  for  the  Soviet 
Labor  Resource  (by  Skill  Category  ana  Economic  Sector)  to  Simultaneous 
Changes  in  All  of  Three  Experimental  Concitions  (1966-1971)  264 


.ignt  Industry/ 
Original  -ee 
Lignt  Industry/ 
Stanley  Conn 


Agr’cui tore/ 
Cr'gmal  .ee 
Agricu! tu re/ 
Stanley  Conn 


Sources  or  tne  ca  ta  :resented  *n  ‘abie  J.CDa  ire  as  *i 1 1 ows : 

t  Columns  j,  J.  5,  and  6  ire  :an*n  **om  i  ic-’z>'PO  :cimuz&r  or'itout  mac  -“semoies  Column  3  of  'aoies  3.15.  C.lSa. 

3.15b.  and  3.15c.  -owever.  instead  if  experimental  Cesicn  io.  1.  *.ne  e.xcer'mental  onoltions  -ave  teen  cnargea  is 
•ndlcated  -n  “aole  3. CO  :o  oefine  i-xper-nenta  I  Cesign  'Jo.  3.  *  :cov  jf  -.vs  :omoucer  orintout  is  availaole  .con 

-•Quest. 

•  Col  -mn  7  's  taken  'tin  Column  i;  i  *  non-decreasing  1  curoen  -it:o  trena  •$  -ecuireo  -or  ]_!_]_  est' nation  -.ecnrvoues 

m  order  :o  juaitfy  j  oarticuiar  sector  for  nciusion  n  tne  -'uncamen tai  ouroen  nc'oence  oattern  as  ->odif'ec' 

•  Column  3  s  taxen  'tm  Column  a  non-decreasing'’  ouraen  "at'.o  trend  >  "eouireg  -or  iJJ_  estimation  tecr.moues 

:*i  order  to  qualify  a  particular  sector  -or  inclusion  m  tne  -'unoamental  ourcen  nc'oence  pattern  as  ~ooi*>eo 

•  Column  9  •>  taxen  -tarn  Column  5;  a  'non-decreasing  1  ourten  "atio  trend  rs  -eouiree  -or  a  ■  1  estimation  reenmoues 

m  order  to  guaii*y  a  oartlcular  sector  -or  inclusion  m  tne  -unoamental  ourten  mcidence  oattem  as  noaif'ed 

•  intnes  m  tvs  taole  -*itnout  oarent^eses  "effect  tne  5*1*  1  16-  nvootnesis  with  -escect  to  expenditures  ot  -i'  *ar 

:ay  m  tne  -"ooa  and  .ignt  Industry  sectors,  "escectv/ely .  Cn  tne  otner  nano,  entr-es  *itn  oarent.neses  •*e»1ect  *ne 

alternative  50t  Si  SO*  nyootnesis. 


fuels. 

Dr'gina.  .ee 

?ut is; 

Stanley  Conn 


Table  3.23b 

Sensitivity  of  the  Fundamental  Burden  Incidence  Pattern  for  the  Soviet 
Capital  Resource  (by  Durability  Category  and  Economic  Sector) 
to  Simultaneous  Changes  in  All  of  Three  Experimental  Conditions  ( 1966-  197 1 ) ^t>D 
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pattern  in  Table  3.19b.  For  example,  the  Food  sector  inventories  do  not 
appear  to  have  been  affected  by  the  burden  incidence  of  Soviet  NSE,  but  the 
inventories  of  the  Transportation  and  Communication  sector  appear  to  have 
absorbed  the  burden  incidence  as  a  result  of  excluding  R D T A L  expenditures. 

In  addition,  the  low  durabi 1 i ty  category  for  the  Light  Industry  sector, 
which  was  not  affected  by  the  capital  burden  incidence  in  Table  3.19b,  now 
shifts  to  the  hi gh  durability  category  for  this  same  sector  which  avoids  the 
capital  burden  incidence  in  Table  3.21b  when  the  experimental  condition  is 
changed  to  Design  No.  2.  Experimental  Design  No.  3,  which  el i mi  nates  only 
the  productivity  adjustment  for  technological  progess  ,  causes  a  reduction  in 
the  burden  incidence  of  Soviet  NSE  on  high  and  middle-durability  categories  of 
the  capital  resource  in  the  Agricultural  sector  and  Construction  sectors. 

Therefore,  in  sharp  contrast  to  the  labor  resource.  Experimental  Design  No.  3 
for  the  capital  resource  results  in  a  reduction  in  the  fundamental  burden 
incidence  pattern  of  Soviet  NSE  rather  than  in  an  i ncrease.  Finally,  Experi¬ 
mental  Design  No.  5,  which  changes  only  the  leontief  inverse  used  in  the  burden 
ratio  computations  from  producer's  prices  in  Table  B-l  of  Appendix  B  to  purchaser's 
prices  in  Table  8-34,  reflects  a  slight  i ncrease  in  the  fundamental  burden 
incidence  pattern  because  the  inventories  of  the  Transportation  and  Communication 
sector  appear  to  have  absorbed  the  burden  of  Soviet  defense  spending.  This 
slight  distortion  in  the  trends  of  the  estimated  burden  ratios,  which  is  a  result 
of  not  using  the  theoretically  more  appropriate  Leontief  inverse  in  producer's 
prices,  does  not  appear  to  invalidate  preliminary  computations  and  analyses 
performed  with  input-output  data  in  purchaser's  prices.  Consequently,  in  the 
case  of  the  Soviet  capital  resource  when  only  one  of  the  three  experimental 
conditions  is  changed  at  a  time,  the  distribution  of  the  original  fundamental 
burden  incidence  pattern  among  economic  sectors  and  durability  categories  is 
the  most  sensitive  to  the  elimination  of  RDT&E  expenditures  (i.e.,  Experimental 
Design  No.  2).  On  the  other  hand,  the  i ntensi ty  of  the  original  fundamental 
burden  incidence  pattern,  as  reflected  in  the  number  of  blank  entries  for  sectors 
in  Columns  7,  8,  and  9  in  Table  3.19b,  is  the  mos t  sensitive  to  the  elimination 
of  the  productivity  adjustment  for  technological  progress  (,i.e..  Experimental 
Oesign  No.  3).  Again,  it  is  the  least  sensitive  to  whether  the  Leontief  inverse 
is  expressed  in  producer's  prices  or  in  purchaser's  prices  (i.e..  Experimental 
Design  No.  5). 
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Table  3.22b  reflects  the  di rections  of  the  trends  of  tne  economic  burden 
ratio  for  the  Soviet  capital  resource  by  durability  categories  for  each  of  the 
twelve  sectors  and  two  of  the  three  estimation  techniques  considered  for 
Experimental  Designs  Nos.  4,  6,  and  7.  Inasmuch  as  Experimental  Design  No.  4 
corresponds  to  imposing  Experimental  Designs  Nos.  2  and  3  simultaneously,  then 
the  distribution  and  the  intensity  of  the  original  fundamental  burden  incidence 
pattern  are  both  influenced  by  excluding  RDT&E  expenditures  and  eliminating 
the  productivity  adjustment  for  technological  progress  simultaneously.  In 
the  case  of  Experimental  Design  No.  4,  one  indication  of  this  impact  is  that  only 
thirteen  blank  entries  for  sectors  remain  in  Columns  7,  8,  and  9  of  Table  3.22b 
by  contrast  with  15  and  14  blank  entries  in  Columns  7,  8,  and  9  of  Table  3.21b 
for  Experimental  Designs  Nos.  2  and  3,  respecti vely .  Next,  inasmuch  as 
Experimental  Design  No.  6  corresponds  to  imposing  Experimental  Designs  Nos.  2 
and  5  simultaneously,  then  only  the  di s tr i but i on  of  the  original  fundamental 
burden  incidence  pattern  is  substantially  changed.  As  a  result,  Experimental 
Design  No.  6  closely  resembles  Experimental  Design  No.  2  insofar  as  its  resource 
allocation  effects  upon  the  capital  resource  associated  with  Soviet  defense 
spending  are  concerned.  Finally,  since  Experimental  Design  No.  7  corresponds 
to  imposing  Experimental  Designs  Nos.  3  and  5  simultaneously,  then  only  the 
intensi ty  of  the  original  fundamental  burden  incidence  pattern  is  substantial ly 
changed.  Therefore,  as  a  result.  Experimental  Design  No.  7  closely  resembles 
Experimental  Design  No.  3  insofar  as  its  resource  allocation  effects  on  the 
capital  resource  associated  with  Soviet  defense  spending  are  concerned.  By  contrast 
with  the  labor  resource,  the  changes  in  experimental  conditions  involving  RDT&E 
expenditures,  as  well  as  the  productivity  adjustment  for  technological  progress 
both  have  a  dominant  influence  upon  changing  the  original  fundamental  burden 
incidence  pattern  in  Table  3.19b.  However,  the  nature  of  this  influence  is 
different  because  the  change  in  RDT&E  expenditures  largely  influences  the 
distribution  of  the  original  fundamental  burden  incidence  pattern  among  economic 
sectors  and  durability  categories.  On  the  other  hand,  the  change  in  the  product¬ 
ivity  adjustment  for  technological  progress  largely  influences  the  intensity  of 
the  original  fundamental  burden  incidence  pattern.  As  was  the  case  with  the 
labor  resource,  the  capital  resource  is  the  least  sensitive  to  whether  the 
Leonti ef  Inverse  is  expressed  in  producer's  prices  or  in  purchaser's  prices. 
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Table  3.22b 

Sensitivity  of  the  Fundamental  Burden  Incidence  Pattern  for  the 
Soviet  Capital  Resource  (by  Durability  Category  and  Economic  , 
Sector)  to  Changes  in  Two  of  Three  Experimental  Conditions  ^  196o- 197 1 ) *lb ' 
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The  rankings  of  the  various  economic  sectors  in  terms  of  tneir  "relative 
sensitivities"  to  the  changes  in  the  experimental  conditions  identified  in 

2  co 

Table  3.20  may  be  summarized  as  follows:  ° 

•  Very  Sensitive 

-  Labor  Resource:  Construction  Materials  (sector  6)  and  Trade 
and  Distribution  (sector  12). 

-  Capital  Resource:  Agriculture  (sector  1),  Light  Industry 
(sector  9),  and  Construction  (sector  10). 

•  Moderately  Sensitive 

-  Labor  Resource:  Fuels  (sector  2),  Chemicals  (sector  7), 

Food  (sector  8),  Light  Industry  (sector  9),  and  Construction 
(sector  10). 

-  Capital  Resource:  Construction  Materials  (sector  6),  Chemicals 
(sector  7),  and  Food  (sector  8). 

•  Slightly  Sensitive 

-  Labor  Resource:  M6MW  (sectors  4  and  5)  and  Transportation  and 
Communication  (sector  11). 

-  Capital  Resource:  Fuels  (sector  2),  MBMW  (sectors  4  and  5), 
Transportation  and  Communication  (sector  11),  and  Trade  and 
Distribution  (sector  12). 

•  Insensi ti ve 

-  Labor  Resource:  Agriculture  (sector  1)  and  Metals  (sector  3). 

-  Capital  Resource:  Metals  (sector  3). 

This  ranking  of  relative  sensitivities  provides  a  basis  for  the  following  pre¬ 
liminary  conclusions  with  regard  to  resource  allocation  to  those  economic 
sectors  which  appear  to  have  absorbed  the  greatest  impact  of  increased  Soviet 
defense  spending  during  the  period  1966-1971. 


The  "very  sensitive"  category  reflects  a  non-increasing  trend  with  respect 
to  the  burden  ratio  in  more  than  one  resource  category  for  al 1  of  the 
estimation  techniques  considered.  The  "moderately  sensitive"  category 
reflects  a  non-increasing  trend  with  respect  to  the  burden  ratio  in  at  least 
one  resource  category  for  al 1  of  the  estimation  techniques  considered.  The 
"slightly  sensitive"  category  reflects  a  non-increasing  trend  with  respect 
to  the  burden  ratio  in  at  least  one  resource  category  for  some,  but  not  all, 
estimation  techniques  considered.  The  "insensitive"  category  reflects  an 
increasing  trend  with  respect  to  the  burden  ratio  for  all  of  the  resource 
categories  and  for  all  of  the  estimation  techniques  considered. 
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•  The  Metals  sector  exhibits  an  increasing  trend  with  respect 
to  the  burden  ratio  for  all  of  the  estimation  techniques 
considered  and  all  skill,  as  well  as  durability,  categories. 
Therefore,  the  Metals  sector,  which  is  characterized  as 
"insensitive"  with  reference  to  the  labor  and  capital  re¬ 
sources,  definitely  absorbs  the  burden  of  increased  Soviet 
NSE. 

•  The  MBMW  sectors,  as  well  as  the  Transportation  and  Commu¬ 
nication  sector,  are  characterized  as  "slightly  sensitive" 

with  reference  to  the  labor  and  capital  resources.  Consequently, 
these  three  sectors  probably  absorb  the  burden  of  increased 
Soviet  NSE  during  the  period  1966-1971. 

t  All  of  the  remaining  sectors  are  characteri zed  as  "very  sensi¬ 
tive"  or  "moderately  sensitive"  with  reference  to  either  the 
labor  or  the  capital  resource  or  for  both  resources.  Therefore, 
at  least  one  or  more  of  the  skill  categories  or  the  durability 
categories  have  defini tel y  avoi ded  the  burden  of  increased  Soviet 
defense  spending  for  all  of  the  estimation  techniques  considered 
and  for  one  or  more  of  the  experimental  conditions  defined  in 
Table  3.20. 

Of  course,  these  preliminary  conclusions  are  subject  to  revision  when  additional 
baseline  estimating  techniques  are  considered  and  the  sectoral  disaggregation  of 
the  respective  numerical  estimates  is  accomplished  by  means  of  the  general  rules 
summarized  in  Table  3.5. 


To  conclude  this  section  on  the  "ex  post"  resource  allocation  analysis  of 
the  estimated  sectoral  composition  of  Soviet  defense  spending,  a  recently 
announced  procedure  for  applying  the  CIA  direct-costing  time  series  estimates 
of  Soviet  NSE  may  be  outlined  as  follows: 

•  Inasmuch  as  it  is  anticipated  that  the  D-t  estimates  will  be 
expressed  in  1970  constant  ruble  prices,  then  the  implicit 
price  index  derived  in  Column  4  of  Table  A-5  in  Appendix  A 
for  the  period  1960-1975  may  be  multiplied  by  the  constant 
ruble,  direct-costing  estimates  to  obtain  the  CIA  D. t  estimates 

in  current  rubles. 

•  Next,  the  general  disaggregation  rules  in  Table  3.5  may  be  used 

by  the  CIA  analyst  to  obtain  the  estimated  sectoral  composition 

of  Soviet  defense  spending,  d'D-.,  in  current  rubles. 

t  ‘  t 

•  Finally,  the  sectoral  price  indices  in  Table  3.24  are  used  to 
convert  the  current  ruble  estimates,  djD- t,  into  1966  constant 
ruble  prices.  The  set  of  wholesale  sectoral  price  indices  with 
turnover  tax  excluded,  as  shown  in  Table  3.24  a,  is  used  whenever 
the  burden  ratio  computations  are  made  with  the  Leontief  inverse 
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Table  3.24a 


Wholesale  Sectoral  Price  Indices  With 
Turnover  Tax  Excluded  (1966-1971)  270 
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in  producer's  prices  (i.e.,  Table  B-l  in  Appendix  B). 

A1 ternati vely ,  the  set  of  wholesale  sectoral  price  indices 
with  turnover  tax  i ncl uded,  as  shown  in  Table  3.24b,  is 
used  whenever  the  burden  ratio  computations  are  made  with 
the  Leontief  inverse  in  purchaser's  prices  (i.e..  Table 
B-34  in  Appendix  B). 

The  computational  methodology  in  Appendix  8  may  then  be  applied  and  the 
resulting  fundamental  burden  incidence  patterns  compared  with  the  results 
presented  in  this  summary  report. u 


3.7  AN  EX  ANTE  RESOURCE  ALLOCATION  ANALYSIS  OF  ThE  PROJECTED  LEVEL, 

COMPOSITION,  AND  RATE  OF  GROWTH  OF  SOVIET  NSE 

In  the  two  preceding  sections  of  this  report,  various  resource  allocation 
experiments  have  been  described  with  respect  to  the  estimated  1 evel  and  sectoral 
compos i ti on  of  Soviet  defense  spending  associated  with  alternative  baseline 
estimating  techniques.  The  summary  of  alternative  numerical  estimates  of  Soviet 
NSE  in  Table  2.2  covers  the  historical  time  period  1960-1975  and  reflects  an  ex 
post  resource  allocation  analysis  using  the  methodology  developed  in  Appendix  A. 

Two  alternative  baseline  estimating  techniques  involving  the  estimated  sectoral 
composition  of  Soviet  NSE  are  evaluated  utilizing  the  methodology  developed  in 
Appendix  B--which  also  constitutes  an  ex  post  resource  allocation  analysis  that 
should  be  extended  to  include  all  of  the  alternative  baseline  estimating  techniques 
identified  in  Table  2.2  and  the  entire  historical  time  period  1960-1975.  In  view 
of  the  Soviet  propensity  to  conceal  the  actual  level,  composition,  and  rate  of 
growth  of  NSE,  the  currently  identified  baseline  estimating  techniques  must  be 
evaluated  by  means  of  an  ex  ante  resource  allocation  analysis.  In  recent  testi¬ 
mony  before  the  Congressional  Subcommittee  on  Priorities  and  Economy  in  Government, 
the  senior  specialist  in  Soviet  Economics  from  the  Congressional  Research  Service 
of  the  Library  of  Congress,  John  P.  Hardt,  made  the  following  recommendations : 

I  would  suggest  we  can  improve  on  what  we  are  doing.  Whether  or  not 
we  can  reach  the  point  at  which  we  can  be  satisfied  of  feeling  the 
system  is  adequate  in  large  part  is  up  to  the  disclosure  policy  of 
_ the  Soviets. _ 

^  Stanley  Cohn's  estimates  of  d  1 D ^  in  Tables  3-8a  and  6-8b  are  expressed  in 

current  rubles  and  therefore  had  to  be  divided  by  the  sectoral  price  indices 
in  Table  3.24. 
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But,  specifically,  we  have  used  methods  of  economic  estimating 
(Soviet  defense  spending)  based  on  their  orcer  of  battle,  we 
nave  used  methods  of  looking  at  the  economy  ana  trying  to  impute 
measures  on  the  basis  of  allocating  resources  known  to  be  in  a 
civilian  area  and  tnen  estimating  wnat  tne  known  areas  were  ana 
building  up  an  economic  budget. 

What  I  am  specifically  suggesting  is  more  additional  measures 
which  will  improve  our  insights,  and  I  have  in  mind  using  the  kind 
of  Soviet  economic  models  that  have  developed  in  the  recent  Joint 
Economic  Committee  publication,  and  I  am  particularly  referring  to 
the  model  (SOVMOD  III)  developed  at  the  University  of  Pennsylvania's 
Wharton  School,  Stanford  Research  Institute,  the  Foreign  Demographic 
Analysis  Division  of  the  Department  of  Commerce,  and  Duke  University, 
to  look  at  the  time  sequence  of  the  5-year  plan,  the  15-  year  plan, 
and  make,  as  they  do,  assessments  of  the  military  implications  of 
changes  using  different  scenarios. 

That  would  be  incremental  to  our  understanding  and  my  comments  are  not 
intended  to  suggest  the  absence  of  utility  in  the  present  method,  but 
to  indicate  potential  areas  of  improvement.  Net  assessment  analysis 
has  been  a  recent  improvement,  I  think,  in  our  military  intelligence 
area.  I  think  we  can  likewise  improve  in  the  economic  area. 

This  is  not  to  suggest  we  discard  methodology  but  that  we  change  and 
improve  our  approach.  271 


An  ex  ante  resource  allocation  analysis  is  associated  with  the  projected 

level,  composition,  and  rate  of  growth  of  Soviet  defense  spending  beyond  the 

272 

historical  time  period.  The  Director  of  the  CIA,  Admiral  Stansfield  Turner, 
describes  the  projected  values  of  Soviet  NSE  associated  with  the  CIA  direct 
costing  methodology  as  follows: 

I  should  point  out  that  these  estimates  are  calculated  in  terms  of 
1970  ruble  prices.  This  use  of  a  constant  price  base  has  a  dual 
purpose. 

First,  the  resulting  trend  in  defense  spending  reflects  only  real 
changes  in  the  level  of  Soviet  military  activities  rather  than 
purely  monetary  change  resulting  from  price  inflation. 

Second,  all  CIA  estimates  of  Soviet  economic  performance  are  cal¬ 
culated  on  the  same  basis--that  is  in  constant  1970  prices.  This 
use  of  the  same  base  year  for  prices  allows  us  to  combine  the 
economic  and  military-economic  data  to  analyze  the  economic  impact 
_ of  defense. _ 

Allocation  of  Resources  in  the  Soviet  Union  and  China--1977,  Hearings  before 
the  Subcommittee  on  Priorities  and  Economy  in  Government  of  the  Joint  Economic 
Committee,  Congress  of  the  United  States,  Part  3,  June  23  and  30  (Executive 
Sessions),  and  July  6,  1977,  page  1S4. 

2^2 

'  The  distinction  between  forecasts  and  projections  adopted  by  the  Joint  Economic 
Committee  and  observed  in  this  report  is  defined  on  page  C- 1  of  Appendix  C. 


Although  no  single  measure  adequately  describes  the  economic 
impact  of  the  Soviet  defense  effort,  defense  spending  as  a  snare 
of  gross  national  product  is  often  used  for  this  purpose. 

When  measured  according  to  a  definition  of  defense  activities 
roughly  comparable  to  that  used  in  the  U.S.,  the  Soviet  defense 
effort  absorbs  some  11-12  percent  of  Soviet  GNP.  When  based  on 
the  broader  definition  of  defense,  the  share  is  about  12-13  percent. 
Because  the  rate  of  growth  in  defense  spending  and  in  GNP  were 
roughly  the  same  during  1970-1976,  there  was  little  cnanoe  over  tne 
period  in  the  share  taken  by  defense. 

The  percentage  of  machinery  output  alloted  to  defense  is  another 
economic  aggregate  used  to  describe  the  impact  of  defense  programs 
on  the  economy  as  a  whole.  At  present,  Soviet  defense  takes  about 
one-third  of  the  output  of  the  machine-building  and  metal-working 
sector--the  sector  that  produces  investment  goods  as  well  as  military 
weapons  and  equipment. 

The  defense  bite  is  also  large  in  metallurgy  (about  one-fifth), 
chemicals  (about  one-sixth),  and  energy  ^about  one-sixth). 

Even  these  measurements  tend  to  understate  the  impact  on  the  Soviet 
economy  because  they  fail  to  take  qualitative  considerations  into 
account. 

Defense  takes  a  proportionally  larger  share  of  the  economy's  high- 
grade  scientific,  technical,  and  managerial  talent  and  draws  heavily 
on  the  output  of  scarce  and  high-quality  materials,  components  and 
equipment.  Integrated  circuits,  for  example,  are  almost  totally 
consumed  by  the  military. 

As  I  mentioned  earlier,  we  expect  the  long  term  upward  momentum  of 
Soviet  defense  spending  to  continue  into  the  1930 ' s  at  an  annual 
growth  rate  of  about  4  to  5  percent.  2*73 

The  numerical  estimates  of  Soviet  NSE  in  Table  2.2  utilizing  the  CIA  direct- 
costing  methodology  have  been  converted  to  a  current  ruble  basis  by  applying 
a  two  percent  inflation  rate.  However,  the  Director  of  the  Defense  Intelligence 
Agency  (DIA),  It.  General  Samuel  V.  Wilson,  expresses  his  point  of  view  with 
regard  to  the  current  ruble  estimates  as  follows: 

A  separate  estimate,  costed  in  rubles,  is  developed  in  an  attempt 
to  gain  an  appreciation  for  defense  outlays  as  seen  by  Soviet 
leaders.  In  the  last  2  years,  considerable  DIA  and  CIA  effort  has 
gone  into  the  analysis  of  all  of  the  known  evidence  and  methodolo¬ 
gies.  While  we  do  not  have,  and  may  never  have,  definitive  answers 
as  to  all  the  rami fications  of  Soviet  defense  outlays,  we  can  say 
that  Soviet  defense  is  more  of  an  economic  burden,  given  nijher 
priority,  and  a  greater  commitment  than  we  previously  believed. . . 

“■'J  Allocations  of  Resources  in  the  Soviet  Jnion  and  China— 1977,  Cp.  Cit., 
pages  37-38;  underlining  has  been  added  for  emphasis. 
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While  we  agree  wi tn  the  intelligence)  community  estimate  for 
1970  to  1976  wnen  valued  in  constant  1970  ruble  prices,  we 
sell  eve  tnat  an  estimate  of  Soviet  defense  spending  published 
in  the  People’s  Reauolic  of  China  weekly  Peking  Review,  a 
maoazine,  may  accurately  represent  tne  growth  rate  anc  total 
expressed  in  current  prices.  The  Peking  Review  series  is 
supported  by  information  from  classified  sources.  These  data 
indicate  a  1975  Soviet  defense  total  of  over  70  billion  ruoles 
and  an  economic  burden  of  between  14  and  15  percent. 

Using  these  current  ruble  values  and  Soviet  economic  plans  for 
1976  to  1980,  we  are  able  to  project  that  Soviet  defense  outlays 
will  continue  to  rise  at  about  the  same  rate  (i.e.,  3  to  11 
percent)  as  the  previous  5  years.  274  ye  realize,  of  course, 
that  relying  on  Soviet  plan  data  and  on  Soviet  or  Communist 
statements  is  not  generally  advisable.  These  figures  are  not 
well  defined  and  may  include  inflated  prices.  Nonetheless, 
we  believe  that  these  figures  approximate  the  values  as  seen  by 
the  Soviet  policymakers  and  may  real  istical  ly  reflect  the 
growing  costs  of  new  technologies. 

Soviet  production  technology  has  become  increasingly  sophi sticateo 
and  the  Soviet  Union  is  steadily  gaining  the  ability  to  produce 
complex  systems.  With  this  ability  comes  the  inevitable  cost 
increases  associated  with  modern  technology.  275 

The  Chinese  estimates  of  Soviet  defense  spending  presented  in  Table  2.2  are  the 
same  current  ruble  estimates  cited  by  General  Wilson.  Consequently,  the  difference 
between  the  CIA  and  the  Chinese  current  ruble  estimates  in  Table  2.2  may  be  largely 
attributed  to  alternative  inflation  rates  used  to  convert  the  constant  1970  ruble 
estimates  of  Soviet  NSE  cited  by  Admiral  Turner.  This  impression  is  reinforced  by 
the  following  additional  remark  by  General  Wilson: 

I  don't  feel  that  we  (DIA)  are  very  far  apart  from  the  CIA.  We 
are  talking  of  11  to  13  percent  (defense  share  of  Soviet  GNP),  as 
opposed  to  14  to  15  percent.  As  I  indicated  to  you  last  year, 
while  earlier  there  had  been  some  contentiousness  between  ourselves 

This  estimate  of  an  3-10  percent  annual  growth  rate  is  based  upon  the  1975  esti¬ 
mate  of  70  billion  rubles  for  Soviet  NSE  in  1975  and  a  1970  estimate  of  40-45 
billion  rubles  (using  a  narrow  definition  of  defense  which  encompasses  a  range 
of  activities  comparable  to  those  of  the  US),  as  well  as  a  1970  estimate  of  45- 
50  billion  rubles  (using  a  broader  definition  of  defense  which  the  Soviets  may 
use  and  which  encompasses  such  additional  military-operated  programs  as  tne 
space  program).  Using  the  formula  70=(  l+r)3(42.5) ,  then  r  is  11  percent,  wnile 
using  70=(  l+r)b(47. 5) ,  then  r  is  3  percent.  Presumably,  this  is  the  rate  of 
growth  used  to  project  the  Chinese  estimates  in  current  rubles  for  the  period 
1976-1980. 

OJC. 

L‘  Allocations  of  Resources  in  the  Soviet  Union  anc  Chi  na-- 1971*,  Op.  C i  t .  ,  oages  '6- 
73;  underlining  nas  been  added  for  emphasis. 


and  the  CIA,  that  has  all  but  disappeared. .. .So,  we  have  worked  with 
the  same  data,  the  same  information.  We  have  reacted  to  it,  I  think, 
a  little  more  vigorously  than  they  have.... The  Dig  thing  that  I 
wanted  to  get  across  to  you  is  that  we  do  work  very,  very  closely  with 
CIA.  we  share  the  same  data  and  make  contributions  to  the  same  common 
goal,  and  we  come  out  at  the  end  somewhat  differently,  but  nowhere  near 
as  divergent  as  we  were  some  several  years  ago.  276 


3.7.1  Alternative  Projection  Methodologies 


A  more  detailed  methodology  for  projecting  Soviet  MSE  for  tne  period  of 
the  10th  Five-Year  Plan  (FYP),  1976-1980,  has  recently  been  develoDed  by  Bill 
Lee,  who  explains  it  as  follows: 

Planned  growth  in  (Soviet)  defense  expenditures  can  be  estimated 
from  income  data.  PI anned  growth  in  outlays  for  procurement  of 
weapons  can  be  estimated  from  a  combination  of  industrial  output 
and  investment  data.  Each  method  provides  only  an  approximation 
of  the  planned  growth  (or  decline)  in  defense  expenditures  and 
each  suffers  from  data  gaps.  Nevertheless,  the  two  methods  are 
independent  of  each  other  and  so  provide  a  mutual  check. 

•  The  first  method,  using  national  income  data,  recognizes 
that  national  income  (and  GNP),  by  definition,  consists  of 
three  end-use  components:  consumption,  investment,  and 
defense.  If  one  knows  the  total  ( i . e . ,  national  income  or 
GNP)  and  two  of  the  components  (e.g.,  consumption  and  invest¬ 
ment)  the  third  component  falls  out.  Similarly,  if  one  knows 
the  planned  growth  for  the  total  and  for  two  of  the  components, 
and  the  weight  (percentage  share)  of  each  component  in  the 
base  period,  then  the  planned  growth  of  the  third  component 
(e.g.,  can  be  derived) ... .Thus,  the  data  required  to  solve  for 
the  approximate  planned  growth  in  defense  expenditures  in  each 
FYP  are: 

-  Weight  of  investment  (in  GNP)  in  the  base  period  and 
planned  growth  in  the  FYP, 

-  Weight  of  consumption  (in  GNP)  in  the  base  period  and 
planned  growth  in  the  FYP, 

-  Weight  of  defense  (in  GNP)  in  the  base  period,  and 

-  Planned  growth  of  national  income  in  the  FYP. 

The  implicit  rate  of  growth  planned  for  defense  spending  is 
the  unknown  to  be  solved,  recognizing  that  only  an  approxima¬ 
tion  is  possible  given  the  range  of  uncertainty  in  the  data. 


276  Ibid.,  pages  101-102. 
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•  The  second  method  derives  the  implicit  planned  growth  of 
defense  spending  in  each  FYP  from  tne  planned  growth  in 
outlays  for  the  procurement  of  weapons  and  certain  assump¬ 
tions  about  the  planned  growth  in: 

-  Pay,  operations  maintenance,  and  construction  (PQMC);  and 

-  RDT&E  and  space. 

Only  the  procurement  target  can  be  derived  from  the  FYP  data. 

For  POMC,  rather  heroic  assumptions  are  required.  But  growth 
in  planned  outlays  for  military  RDT&E  and  space  can  be  esti¬ 
mated  or  extrapolated  by  assumptions  that  seem  well  founded 
in  research  and  experience.  277 

The  actual  implementation  of  Bill  Lee's  projection  methodology  is  illustrated 

in  Figure  3.0  where  Bill  Lee's  projected  estimates  for  the  period  1976-1980  are 

identified  by  means  of  the  green  line  (i.e.,  74,  83,  89,  90,  and  110  billion 

rubles,  respectively).  These  estimates  represent  the  composite  values  derived 

by  means  of  his  two  projection  techniques  using  Soviet  plan  data  for  the  10th 

FYP  on  an  establishment  basis.  Bill  Lee's  projected  estimates  of  Soviet  NSE 

would  appear  to  be  very  close  to  those  of  the  Chinese  using  an  average  annual 

growth  rate  of  10%  over  the  projection  period  1976-1980  (i.e.,  77.7,  85.5,  94.0, 

103.4,  and  113.7  billion  rubles,  respectively).  For  purposes  of  comparison,  the 

CIA's  projected  values  of  Soviet  NSE  in  current  rubles  for  the  period  1976-1980 

are  identified  in  Figure  3.0  by  means  of  the  black  line  which  reflects  an  average 

annual  growth  rate  of  6.5  percent  (i.e.,  62,  66,  70,  75,  and  80  billion  rubles, 

respecti vely) .  These  figures  represent  a  two  percent  inflation  rate  and  a  4.5 

279 

real  growth  rate  based  upon  a  recent  CIA  report. 


These  alternative  projections  may  be  placed  in  a  better  perspective  by 
comparing  all  of  the  current  baseline  estimates  of  Soviet  NSE  in  Figure  3.1  for 
the  historical  period  1960-1975.  As  may  be  observed: 


•  The  time  series  for  the  Official  Soviet  Defense  Budget  is 
identified  by  means  of  a  blue  line; 

•  Stanley  Cohn's  numerical  estimates  in  Table  2.2  (i.e.,  State 
Reserve  Basis  and  Final  Demand  Basis)  are  represented  by 
red  lines; 

William  T.  Lee,  "Soviet  Defense  Spending:  Planned  Growth  1976-1980,"  Strategic 
Review,  Winter  1977,  paqes  75  and  76;  underlining  has  been  added  for  emphasis. 
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William  T.  Lee,  "Soviet  Oefense  Expenditures  in  tne  10th  FYP,"  Ostewropa , 
December  1977,  Table  5,  page  288. 
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Estimated  Soviet  Defense  Spendinc 
10121,  June  1978. 


Trends  and  Prospects,  CIA  report  SR  78- 
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Figure  3.  1 


Current  Baseline  Estimates  of  Soviet  Defense  Expenditures  for  tne 
Historical  Period  1960-1975  ana  tne  Projection  Period  197b-19b0 
(billions  of  current  rubles) 
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•  Bill  Lee's  alternative  numerical  estimates  (i.e.,  Establish¬ 
ment  Basis  and  Commodity  Basis)  are  represented  by  green 

1 i nes ; 

•  The  CIA  direct-costing  estimates  are  represented  by  a  solid 
black  line;  and 

•  All  of  the  remaining  numerical  estimates  are  represented  by 
gray  lines. 

As  may  be  observed,  the  historical  period  1960-1975  is  partitioned  into  two 
epoch  periods  which  are  identified  by  means  of  the  red  tick  marks  at  the  bottom 
of  Figure  3.1;  i.e.,  1960-1969  and  1970-  1975.  There  is  much  less  dispersion 
among  the  numerical  time  series  estimates  within  the  first  epoch  period  than 
within  the  second  epoch  period.  The  greater  dispersion  among  the  numerical 
estimates  within  the  second  epoch  period  may  easily  be  observed  inasmuch  as 
the  range  between  the  high  and  the  low  values  of  the  estimates  in  1975  is  almost 
twice  the  range  for  1970.  In  this  context,  it  should  be  noted  that  the  CIA's 
projected  values  for  the  period  1976-1980  represent  an  upper  boundary  of  the 
“possible"  projected  values  for  the  following  baseline  estimating  techniques: 

•  The  Official  Soviet  Defense  Budget, 

•  IISS  estimates, 

•  S I  PR  I  estimates, 

•  Stanley  Cohn's  estimates, 

•  French  estimates,  and 

•  CIA  estimates. 

By  contrast,  the  much  higher  values  projected  by  Bill  Lee  for  the  period  1976- 
1980  may  be  associated  with  the  “possible"  projected  values  for  the  following 
baseline  estimating  techniques: 

•  Bill  Lee's  estimates,  and  the 

•  Chinese  estimates--which  have  been  officially  supported  by  the 
DIA. 

It  should  also  be  noted  that  the  same  type  of  clustering  with  respect  to  the 
alternative  baseline  methodology  estimates  in  Table  2.2  was  established  in 
Appendix  C  based  upon  the  "low"  and  "high"  average  values  of  the  rate  of  growth 
parameter. 

A  more  sophisticated  methodology  for  projecting  Soviet  defense  expenditures 
and  other  elements  associated  with  Soviet  resource  allocation  requires  an  acono- 
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metric  model  of  the  Soviet  economy,  such  as  was  suggested  by  Professor  John  P. 
2S0 

Hardt.  In  this  context,  the  following  three  well-known  econometric  models 
of  the  Soviet  economy  are  reviewed  in  some  detail  in  Appendix  C: 

•  The  Bergendorff-Strangert  Model  , 

•  The  Niwa  Models,  and 

•  The  SRI-WEFA  Models. 

The  importance  of  using  a  model  for  the  evaluation  of  Soviet  ex  ante  resource 
allocation  is  explained  by  Professor  Malinvaud  as  follows: 

A  model  is  the  formal  representation  of  the  notions  that  we  have 
about  a  phenomenon.  These  notions,  often  called  the  "theory  of 
the  phenomenon,"  are  expressed  by  a  set  of  assumptions  about  the 
essential  elements  of  the  phenomenon  and  the  laws  which  regulate 
it.  They  are  generally  expressed  in  terms  of  a  mathematical  system, 
and  this  system  is  then  called  "the  model". 

Sy  basing  our  reasoning  on  the  model,  we  can  investigate  the  logi¬ 
cal  consequences  of  the  assumptions  we  have  made,  compare  them  with 
observations  and  thus  find  ourselves  better  equipped  to  understand 
the  real  world  and  to  act  efficiently  on  it.  281 


3.7.2  The  Bergendorff-Strangert  Model 

Of  the  foregoing  models,  the  Bergendorff-Strangert  model  is  the  most 
aggregative  and,  as  indicated  in  Figure  C-3  of  Appendix  C.  the  three  experimental 
conditions  or  resource  allocation  rules  associated  with  this  model  may  be 
summarized  as  follows: 

•  Investment  is  exogenous  and  consumption  is  endogenously  deter¬ 
mined  as  a  residual  (i.e.,  consumption  vs.  defense  spending); 

•  Consumption  is  exogenous  and  investment  is  endogenously  deter¬ 
mined  as  a  residual  (i.e.,  GNP  vs.  defense  spending);  and 

.eneral  limitation  with  respect  to  the  use  of  Soviet  Five-Year  Plan 
..vn  *  mm  to  project  Soviet  NSE,  is  that  alternative  scenarios 

••  •  ’in  jif'erent  assumptions  cannot  be  readily  incorporated.  In  addition, 
r  ••  •  ections  J.e.,  beyond  five  years)  are  not  possible.  An 

overcomes  tnese  limitations  and  permits  experiments  to  be 


••  i!  'letnods  of  Econometrics,  Rand  McNally,  Chicago, 


•  Both  consumption  and  investment  are  endogenously  determined 
with  their  shares  of  non-defense  gross  national  product 
provided  exogenously  i(i .e. ,  consumption  and  investment  vs. 
defense  spending/.  232 

These  three  alternative  allocation  rules  define  the  three  basic  experimental 
designs  for  eval"ating  the  impact  of  resource  allocation  associated  with  a  given 
rate  of  growth  in  Soviet  defense  spending.  Within  each  experimental  design 
or  set  of  allocation  rules,  the  following  "sensitivity  analysis"  experiments 
with  respect  to  resource  allocation  may  be  performed: 

•  The  production  function  for  the  industrial  sector  is  changed 
from  Cobb-Douglas  (with  a  =  1)  to  CES  (with  a  =  0.5)  in 
order  to  examine  the  consequences  of  an  elasticity  of  sub¬ 
stitution  between  capital  and  labor  1  ess  than  unity  when  the 
given  rate  of  growth  in  Soviet  defense  expenditures  changes; 

•  The  technological  progress  parameter  of  the  industrial  sector 
is  changed  in  order  to  examine  the  consequences  of  improved 
managerial  performance  or  the  importation  of  foreign  techno¬ 
logy  when  the  given  rate  of  growth  in  Soviet  defense  expendi¬ 
tures  changes; 

•  The  defense  share  of  Soviet  GNP  (i.e.,  the  burden  ratio)  is 
changed  in  order  to  examine  the  consequences  of  reducing  the 
percentage  of  non-defense  GNP  available  for  consumption  and 
investment  when  the  given  rate  of  growth  in  Soviet  defense 
expenditures  changes;  and 

•  The  sectoral  compos i ti on  or  "mix"  of  Soviet  defense  final  demand 
between  the  industrial  and  construction  sectors  is  changed  in 
order  to  examine  the  impact  upon  resource  allocation  when  the 
given  rate  of  growth  in  Soviet  defense  expenditure  changes.  283 

The  combination  of  the  three  alternative  sets  of  allocation  rules  and  the  four 
alternative  sensitivity  analyses  constitutes  twelve  "ex  ante"  resource  allocation 
experiments  for  projecting  Soviet  defense  spending.  In  the  Bergendorff-Strangert 
model,  the  projection  period  is  1976-1985,  and  the  rate  of  growth  of  Soviet  NSE 
(i.e.,  D/D)  is  used  to  obtain  an  ex  ante  resource  allocation  analysis. 


A  detailed  examination  of  each  of  the  foregoing  experiments  is  provided  in 
284 

Appendix  C.  It  should  be  noted  that  there  is  a  basic  distinction  between  a 
"primary"  and  a  "secondary"  "ex  ante"  resource  allocation  effect  associated  with 
projected  Soviet  defense  expenditures.  These  effects  are  defined  as  follows: 

pop 

Appendix  C,  pages  C-5,  C-17,  and  C- 18. 

^  Appendix  C,  page  20  and  Figures  C-3,  C-4,  and  C-5  on  pages  C-21,  C-22, 
and  C-23. 

284 

Appendix  C,  pages  C-24  to  C-37.  ^ 
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•  A  primary  "ex  ante"  resource al location  effect  is  associated 
with  the  change  in  projected  Soviet  defense  expenditures  when 
all  other  factors  are  held  constant;  and 

•  A  secondary  "ex  ante"  resource  allocation  effect  is  associatea 
with  a  change  in  some  other  experimental  factor  witn  no  cnange 
in  the  projected  Soviet  defense  expenditures. 

In  order  to  illustrate  the  importance  which  the  Soviets  attach  to  the  development 
of  their  fuel  and  other  energy  resources,  an  "energy  constraint"  is  introduced 

OQC 

into  the  Bergendorff-Strangert  model.  If  this  energy  constraint  were  satisfied, 
then  the  Soviet  Union  could  sustain  this  economic  growth  rate  utilizing  only 
domestic  energy  sources.  However,  if  this  energy  constraint  were  violated,  then 
the  Soviet  Union  could  sustain  this  economic  growth  rate  only  by  depleting  its 
domestic  energy  reserves  or,  more  likely,  by  importing  energy  supplies  from 
foreign  sources.  Therefore,  the  Soviet  policy  of  maintaining  its  "energy  self- 
sufficiency"  can  be  attained  only  if  the  energy  constraint  were  satisfied  in 
each  "ex  ante"  resource  allocation  experiment  for  projecting  Soviet  defense 
spendi ng. 


The  interaction  of  Soviet  defense  and  energy  policies  from  the  standpoint 
of  maintaining  economic  growth  was  particularly  stressed  by  John  P.  Hardt  in 
his  recent  testimony  before  the  Congressional  Subcommittee  on  Priorities  and 
Economy  in  Government  as  follows: 

As  suggested  in  the  paper  attached  to  my  testimony,  prepared  for 
presentation  to  NATO  and  the  North  Atlantic  Assembly  in  May,  the 
Soviet  leadership  faces  a  dilemma  in  their  choices  between  military 
buildup  and  modernization.  They  appear  to  be  committed  to  a  program 
designed  to  bring  about  the  kind  of  miracle  in  economic  change  that 
American  technology  brought  to  the  Western  industrial  nations  in 
the  postwar  period.  Committed  as  they  are  to  a  series  of  multi  - 
billion  ruble  programs  in  energy,  metals,  regional  development  (e.g. , 
the  Baikal-Amur  Railroad),  computer-related  management,  agriculture, 
modernization,  and  automotive  transport,  they  have  fallen  short  in 
the  full  commitment  to  timely  completion  of  the  projects.  Because 
each  of  the  giant  projects  requires  foreign  technology,  credits  and 
balance  of  payments  problems  have  limited  actual  imports.  As  each 


^  Appendix  C,  pages  C- 23  to  C-32. 
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of  the  projects  requires  substantially  more  domestic  investment 
and  numan  resources,  the  conflict  of  qefense  priorities  seems 
implicit. 

A  case  study  of  this  general  Soviet  problem  of  moderni cation 
involving  western  imports  and  investment  priorities  is  cheir 
energy  policy.  Under  the  best  of  circumstances,  energy  will  be 
a  problem  area  for  the  U.S.S.R.  as  it  is  for  us.  There  is  no 
doubt  that  Soviet  petroleum  reserve  and  output  will  not  be  ade¬ 
quate  to  meet  future  extrapolation  of  past  trends  in  demand. 
however,  with  substantially  increased  investment  and  stepped 
up  energy  equipment  imports  from  the  West,  and  especially  from 
the  United  States,  the  Soviet's  energy  crisis  might  oe  ameliorated. 

A  crucial  question  to  U.S.  policy  makers  might  be  whetner  exports 
of  energy  technology  to  the  U.S.S.R.  would  reinforce  pressures 
to  shift  resources  from  the  military  to  energy  programs.  Whatever 
the  answer  to  this  significant  question,  the  type  of  analysis  and 
information  used  would  be  different  from  that  normally  presentee 
to  this  Committee.  It  might  be  a  useful  case  study  in  providing 
a  new  approach  to  Soviet  defense  allocation  estimates.  -S6 

The  cnange  in  the  elasticity  of  substitution  between  capital  and  labor  resources 
influences  the  rate  of  economic  growth  in  the  Soviet  economy.  A  more  realistic 
projection  of  Soviet  NS E  and  its  associated  effects  upon  resource  allocation 
requires  the  use  of  the  appropriate  production  function  to  represent  each 
economic  sector.  In  addition,  the  importance  of  importing  foreign  technology 
must  be  properly  reflected  in  the  projections  and  ex  ante  resource  allocation 
analysis.  This  is  again  nighlighted  by  John  P.  Hardt  as  follows: 

In  any  case,  the  advantages  of  economic  interdependence  have  been 
well  illustrated  by  the  "economic  miracles"  of  the  advanced.  Western 
industrial  nations.  The  Soviet  leaders  were  encouraged  by  the 
prospects  held  out  by  the  agreements  with  the  United  States  following 
the  1972  Summit  that  forecast  improved  trade  facilities  and  the 
availability  of  long-term,  low-interest  government  credits.  The 
formula  discussed  for  the  West  Siberian  natural  gas  project,  'North 
Star,"  was  especially  attractive  in  that  the  multi-billion  ruble 
project  was  to  be  supplied  with  plant  and  equipment  from  the  United 
States  on  a  priority  basis  for  development  of  the  pipeline,  lique¬ 
faction  and  energy  transport  facilities  with  no  repayment  required 
until  after  the  facilities  were  operative.  The  sequential  payback 
arrangement  was  then  to  be  at  reasonably  favorable  terms  from  the 
output  of  future  gas  generated  in  the  new  facilities,  developed 
largely  with  Western  technology  and  facilitated  by  Western  credit. 
Although  this  project  involved  the  reallocation  of  domestic  Soviet 
investment  resources  within  the  Soviet  plan,  it  posed  no  significant 
problem  in  terms  of  diversion  of  nard  currency  from  other  projects 

•'C£ 

Allocation  of  Resources  in  the  Soviet  Union  and  Chi na--  1977 ,  Op.  C i t .  ,  Dage 
lo9;  underlining  has  been  addeo  for  emphasis. 
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or  incurring  onerous  indebtedness  that  might  influence  short¬ 
term  import  policies.... 

However,  as  preparation  for  the  Tentn  Five-tear  Plan  (1975-19S0) 
proceeded,  leadership  interest  in  technological  transfer,  various 
forms  of  economic  interdependence,  and  a  broadening  of  sectors  of 
priority  for  modernization  involving  Western  technology  continued. 

This  interest  was  dampened  by  hard  currency  trade  deficits  and 
rising  indebtedness.  Emphasis  was  given,  and  is  still  being  given, 
to  various  modes  of  financing,  and  these  financing  ventures  nave 
the  common  feature  of  giving  priority  to  those  that  provide  returns 
or  repayment  out  of  products  developed  from  imported  technology  in 
specific  projects.  So-called  compensation  agreements,  i.e., 
projects  financed  by  purchase  of  products  from  completed  enter¬ 
prises,  became  the  vogue.  This  new  formula  also  includes  industrial 
cooperation  characterized  by  royalties,  quality  control  and  other 
aspects  of  Western  managerial  involvement;  it  is  expected  by  1980 
to  account  for  as  much  as  40  percent  of  U.S.-U.S.S.R.  commercial 
relations.  The  prototype  is  being  set  by  the  Bendix  spark  plug 
agreement  now  in  final  stages  of  negotiation.  The  common  features 
of  these  institutional  arrangements  are  that  they  improve  the 
prospects  of  effective  technology  transfer  and  ease  the  hard  currency 
deficit  problem. . . . 

Western  analyses  on  the  impact  to  date  of  imported  technology  suggest 
that  the  Soviet  leadership  has  correctly  assumed  that  Western  tech¬ 
nology  should  be  a  major  factor  in  accelerating  economic  performance. 
Economy-wide,  as  well  as  individual  industry  studies,  although  pre¬ 
liminary,  suggest  a  multiplier  effect  of  three  to  four  in  value  terms 
comparing  the  value  of  imports  of  Western  plant  and  equipment  with 
increased  output  from  Soviet  industry  during  the  previous  five-year 
plan  periods.  487 

The  importance  of  "compensation  agreements"  to  finance  the  Soviet  imports  of 
Western  machinery  and  equipment  must  be  incorporated  into  the  econometric  models 
used  to  evaluate  the  ex  ante  resource  allocation  impacts  associated  with  pro¬ 
jections  of  Soviet  defense  spending.  The  Bergendorft'-Strangert  model  and  the 
Niwa  model  are  too  aggregative  for  this  degree  of  sensitivity,  so  the  much  more 
disaggregated,  sophisticated  SRI-WEFA  model  (SOVMOD  III)  must  be  used. 


3.7.3  The  SRI-WEFA  Model 

The  SRI-WEFA  model  of  the  Soviet  economy  will  also  provide  the  analytical 
framework  for  an  ex  ante  resource  allocation  analysis  of  the  projected  1 evel  and 

Ibid,  pages  172-174;  underlining  has  been  added  for  empnasis. 
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compos i tion  of  Soviet  NSE ,  as  well  as  of  the  rate  of  qrowth.  The  general 

'  p  O  "" 

structure  of  SOVMOD  III  is  reviewed  in  Appendix  C,  along  with  the 

historical  development  of  the  defense  expenditure  element  within  the  model 
239 

itself.  This  element  provides  tne  framework  for  evaluating  the  following 
hypothesis  which  was  enunciated  by  Bill  Lee  at  the  workshop  on  economic 
conflict  sponsored  by  the  Office  of  Naval  Research: 

On  the  subject  of  opportunity  costs,  the  hypothesis  I  would 
like  to  offer  goes  something  like  this:  the  opportunity  cost 
of  defense  expenditures  in  the  Soviet  Union  is  very  hign 
because,  first  of  all,  there's  a  fairly  direct  trade  off  between 
defense  and  investment.  There's  not  much  of  a  trade  off  between 
defense  and  consumption,  at  least  not  directly  and  in  the  short 
run.  In  the  longer  run,  there  is  a  trade  off,  but  in  the  short 
run,  it's  very  much  defense  versus  investment.  290 

The  evaluation  is  based  upon  the  use  of  Cobb-Douglas  production  functions  to 
drive  SOVMOD  III.  In  this  context,  it  is  apparent  that  Bill  Lee's  "snort-run 
trade-off"  hypothesis  is  not  supported  by  the  results  of  the  SRI  report  to 
the  Arms  Control  and  Disarmament  Agency  (ACDA)  when  his  own  procurement 
estimates  are  evaluated.  Ironically,  however,  Bill  Lee's  "short-run  trade-off" 
hypothesis  is  supported  by  the  estimated  "simulation  multipliers"  only  when 
Stanley  Cohn's  procurement  estimates  are  evaluated,  and  these  are  much  lower 
in  rate,  trend,  and  magnitude  than  Bill  Lee's  estimates.  As  a  result,  Donald 

Green  and  Daniel  Bond  of  SRI  have  expressed  dissatisfaction  with  the  results 

? 9 1 

of  their  evaluation  and  comparison  exercise  as  described  in  Appendix  C.w 

Therefore,  since  SOVMOD  III  is  essentially  a  supply-determined,  long-run  growth 

model  driven  by  demography  and  its  production  functions,  then  the  Cobb-Douglas 

specification  should  be  changed  to  a  more  general  form--which  is  accomplished 

on  the  basis  of  the  detailed  review  of  the  SRI-WEFA  engineering  approach  to 

292 

Soviet  production  in  Appendix  C. 
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In  this  review,  it  is  rigorously  demonstrated  tnat  Donald  Green's  ex  ante 

production  function  can  be  related  to  a  Variable  Elasticity  of  Substitution 

(VES)  production  function  recently  developed  by  Professor  Karl  */.  Roskamp 

293 

or  Wayne  State  University.  The  VES  production  function  contains  tne  Constant 

Elasticity  of  Substitution  (CES)  and  the  Cobb-Douglas  production  functions  as  special 
294 

cases.  This  correspondence  may  be  associated  with  a  parameter  (i.e.,  •» ) 

to  reflect  the  exercise  of  "political  power"  in  wage  determination,  and  with 

a  parameter  (i.e.,  r)  to  reflect  the  influence  of  "institutional  rigidities" 

in  the  adjustment  of  the  capi tal -1 abor  ratio  to  changes  in  the  prevailing  wage 
295 

rate.  It  is  also  necessary  to  disaggregate  the  Soviet  capital  stock 

296 

between  domestic  capital  and  imported  machinery  and  equipment  from  the  West. 


This  di saggregation  provides  the  basis  for  evaluating  the  importance  of 
technology  transfer  from  the  West  in  terms  of  the  possible  "leverage"  involved 
as  recently  suggested  by  Senator  William  Proxmire  from  Wisconsin: 

You  say  it  remains  to  be  seen  whether  (Soviet)  economic  problems 
increase  their  incentives  to  reduce  military  spending.  Assume 
the  adverse  trends  result  in  economic  stagnation  or  worse.  What 
leverage  does  the  United  States  gain  with  regard  to  our  sophis¬ 
ticated  equipment  and  technology  which  the  Soviets  need  as  well 
as  our  grain,  which  they  may  need  again?... Let  me  put  it  a  little 
different  way. 
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K.W.  Roskamp,  "A  Generalized  Production  Function  for  West  German  Industries," 
Wei twirtschaftkiches  Archiv,  Band  112,  Heft  4,  1976,  pages  749-753,  for  the 
general  VES  family  of  first-degree,  homogenous  production  functions.  An 
empirical  implementation  is  provided  by  K.W.  Roskamp  in  "Labor  Productivity 
and  the  Elasticity  of  Factor  Substitution  in  West  German  Industries  1950- I960," 
The  Review  of  Economics  and  Statistics,  Volume  59,  Number  3,  August  1977,  pages 
366-371.  The  ex  ante  production  function  was  developed  by  D.W.  Green  in  "The 
Micro foundations  of  Soviet  Production  Functions:  An  Engineering  Approach," 
SRI-WEFA  Working  Paper  #45,  April  1976. 
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Appendix  C,  pages  C-57  to  C-69. 
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This  relationship  between  Karl  Roskamp's  parameters,  y  and  t,  and  Donald 
Green's  parameters,  i.  and  qt,  is  defined  in  Equation  ( C - 36 )  on  page  C-63 
of  Appendix  C. 

iqg 

"  Appendix  C,  pages  C-70  to  C-74. 
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•  One  view  is  we  might  induce  the  Soviets  to  cut  spending 
by  withholding  our  technology  and  other  trade,  thereby 
forcing  them  to  reallocate  military  resources  to  more 
productive  uses.  That  is  one  view. 

a  Another  view  is  that  they  are  more  likely  to  invest  neavily 
in  civilian  projects  if  they  are  assured  of  needed  'western 
technology.  We  could  make  it  clear  that  they  would  nave  it 
with  the  notion  they  would  be  likely  to  invest  more  capital 
in  that  technology  and  in  the  industrial  development  and, 
therefore,  less  in  military.  297 


The  first  point  of  view  expressed  by  Senator  Proxmire  may  be  interpreted  as  a 
"military  necessity"  hypothesis  with  regard  to  the  Soviet  importation  of 
Western  technology.  The  second  point  of  view,  on  the  other  nano,  may  be 
interpreted  as  the  usual  "economic  necessity"  hypothesis  with  regard  to  the 
Soviet  import  of  Western  machinery  and  equipment.  Another  subject  of  particular 
importance  is  Soviet  energy  policy  as  previously  highlighted  by  John  P.  Hardt. 
however,  there  is  some  disagreement  between  the  CIA  and  the  DIA  on  the  projected 
decline  in  Soviet  oil  production  during  the  1980s.  Admiral  Turner,  Director 
of  the  CIA,  presents  the  Agency's  point  of  view: 


All  growth  in  oil  output  through  1980  is  planned  to  come  from 
West  Siberia,  where  the  inhospitable  climate  and  difficult 
terrain  complicate  operations.  In  1976,  about  one-fifth  of 
national  production  came  from  the  giant  Samotlor  field  alone, 
but  production  at  Samotlor  will  peak  in  the  next  year  or  so 
and  will  hold  at  peak  levels  no  more  than  four  years. 

Because  of  extensive  water  flooding,  the  field  is  already 
experiencing  rapid  water  incursion.  As  a  result,  increasing 
quantities  of  fluid  must  be  lifted  to  recover  a  given  quantity 
of  oil . 

The  downturn  in  oil  production  probably  will  be  sharp.  Although 
the  discovery  of  new  fields  may  arrest  or  slow  the  decline, 
such  respites  are  likely  to  be  temporary.  Depletion  of  existing 
fields  is  now  very  rapid  and  exploration  and  development  of 
frontier  areas  is  a  slow  and  costly  process.  To  stave  off  or 
slow  the  expected  fall  in  production  even  temporarily,  the 
Soviets  will  need  capacity  submersible  pumps  made  only  in  the 
United  States.  Without  them,  oil  production  will  fall  sooner 
rather  than  later. 

Beyond  the  mid-1980's,  the  U.S.S.3.  is  counting  on  large  new 
supplies  of  oil  and  development  of  alternative  energy  sources-- 
coal,  natural  gas  and  hydro-el ectri c  power.  Even  if  new  major 
sources  are  developed,  most  of  these  lie  east  of  the  Urals,  far 
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Allocation  of  Resources  in  the  Soviet  Union  and  Jhina--1977,  Dp.  Ci t . , 

page  128;  underlining  has  been  added  for  emphasis. 
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from  major  industrial  and  population  centers.  Moreover,  tneir 
development  will  take  years,  require  massive  capital  invest¬ 
ment,  and  incur  continuing  high  transportation  costs. 

Because  of  the  projected  fall  in  oil  production  ana  even  i~ 
the  development  of  other  energy  sources--especi al  l.y  gas  ana 
coal--is  pusned  to  the  maximum,  we  expect  a  sharp  slowaown  in 
the  rate  of  growth  of  total  energy  output.  398 

The  alternative  point  of  view  has  been  expressed  by  Mr.  Norbert  D.  Michaud, 
an  Operations  Research  Analyst  in  the  Military  Economics  Group  of  DIA,  as 
f o 1 1 ows : 


There  is  quite  a  bit  of  concern  in  regard  to  (Soviet)  energy 
production,  particularly  their  oil  production  in  the  1980's. 

As  you  heard  from  the  CIA  last  week,  they  contend  that  their 
rate  of  oil  production  will  probably  decline  in  the  1980s  as 
the  CIA  prognostication  at  this  time  shows.  We  are  not  in 
full  agreement  with  that.  Other  people  seem  to  think  that  it 
will  continue  and  not  necessarily  be  a  part  of  the  problem. 

I  think  I  perhaps  should  refer  to  (General  Wilson)  on  this. 

I  think  that  that  is  DIA's  position  at  this  time,  that  we  do 
not  believe  that  the  rate  of  flow  will  necessarily  decline  in 
the  1980s.  . 

There  is  very  little  information  on  this  whole  oil  question  at 
this  time.  There  is  a  great  deal  of  research  going  into  these 
estimates  as  to  the  reservoirs  that  the  Soviets  are  now 
exploiting.  I  think  it  will  be  some  time  before  we  can  get  a 
better  fix  on  the  whole  situation.  299 

This  debate  with  regard  to  a  potential  Soviet  energy  crisis  during  the  1980s 
has  been  placed  in  perspective  by  John  P.  Hardt  as  follows: 

Senator  Proxmire,  we  have  been  talking  a  great  deal  about 
Soviet  energy  of  late  and  it  is  generally  agreed  that  the 
Soviet  oil  production  in  particular  is  going  to  fall  short 
of  their  desired  levels  (DIA  view)  and  perhaps  their  needs 
(CIA  view).  Their  natural  gas  deposits  and  reserves  are  quite 
substantial,  but  the  ability  to  get  them  to  their  users, 
domestic  and  foreign,  is  going  to  be  difficult  and  this  is 
likewise  true  with  coal. 

In  each  of  those  cases  we  can  identify  specific  areas  in  which 
Western  technology,  particularly  U.S.  technology  would 
represent  a  critical  factor  in  improving  their  ability  to  meet 

Ibid.,  page  34;  underlining  has  been  added  for  emphasis. 
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their  required  goals.  In  each  of  those  cases,  whether  they 
be  production  facilities  for  oil,  sucn  as  submersible  pumps 
or  offshore  drilling  rigs,  or  for  pipe  for  natural  gas  or 
other  specific  areas,  we  could  identify  to  be  precise  about 
our  Western  technology  sales.  They  would  require,  in  addition 
to  importing  these  elements  of  Western  technology,  invest¬ 
ments  on  their  own  part  in  order  to  make  them  productive 
in  terms  of  output  and  use  of  energy,  and  in  that  case  I  would 
support  the  notion  that  the  pressures  on  domestic  Investment 
would  be  increased  by  increased  imports  of  Western  tecnnology 

It  is  a  very  difficult  process  for  us  to  use  explicit  leverage. 
I  would  certainly  agree  with  Mr.  Becker's  notion,  as  I  under¬ 
stand  it,  that  we  get  as  much  as  we  can  politically,  if  that 
is  the  sense  of  the  comment,  out  of  these  arrangements,  that 
we  use  them  for  maximum  influence  elsewhere.  300 


3.7.4  An  Application  of  SOVMOD  III 


The  application  of  S0VM00  III  for  purposes  of  examining  and  evaluating 
the  importance  of  increased  imports  of  Western  technology  embodied  in  machinery 
and  equipment,  as  well  as  non-machinery  items  such  as  large-diameter  pipe  and 
silicon  chips,  is  described  by  Professor  Philip  Hanson,  Senior  Lecturer  in  the 
Center  for  Russian  and  East  European  Studies  at  the  University  of  Birmingham 
(Birmingham,  England),  as  follows: 

A  series  of  exercises  conducted  by  Donald  W.  Green  and  Herbert 
S.  Levine  with  the  SOVMOD  macro-econometric  model  of  the  Soviet 
economy  developed  at  the  University  of  Pennsylvania  have  yielded 
aggregate  figures  for  the  Soviet  Industrial  sector  which  are  also 
remarkably  high.  They  indicate  that  the  net  addition  to  output 
resulting  from  a  unit  increase  in  the  stock  of  imported  Western 
machinery  in  Soviet  industry  is  8-14  times  the  correspondi ng  effect 
of  a  unit  increase  in  the  "indigenous"  capital  stock.  Since  the 
stock  of  Western  machinery  is  a  small  part  of  the  total,  this  does 
not  imply  that  Soviet  industrial  growth  in  recent  years  has  been 
dominated  by  the  contribution  of  Western  technology,  but  it  aoes 
imply  that  that  contribution  has  been  significant.  Thus,  in  one 
exercise,  it  was  calculated  that  variations  of  10  percent  either 
way  in  the  projected  total  of  Western  machinery  imports  for  1973- 
30  would  generate  slight  but  perceptible  changes  in  Soviet  total 
industrial  output  in  1980,  from  an  index  of  126.6  (  1975  equals  100 ^ 

^  Ibid.,  pages  181-182;  parenthetical  information  and  underlining  nave  been 
added  for  clarity  and  emphasis,  resoecti vely. 


to  126.2  in  the  case  of  a  reduction  in  such  imports,  and  to 
127.0  in  the  case  of  an  increase.  301  Slignt  though  tnese 
projected  changes  are,  it  must  be  remembered  that  they  arise 
(in  the  model)  from  relatively  small  variations  in  a  rela¬ 
tively  small  flow  of  imports.  302 

However,  these  preliminary  results  are  very  dependent  upon  a  number  of  crucial 
assumptions  wnich  are  explained  by  Philip  Hanson  as  follows: 

At  the  same  time,  Green  and  Levine  stress  that  these  are 
experimental  calculations,  and  that  their  interpretation 
is  in  any  case  a  complex  matter.  Indeed,  a  number  of 
questions  can  be  raised  about  these  calculations. 

•  the  valuation  of  the  imports, 

•  the  time  lags  before  the  imports  enter  the  capital 
stock,  and 

•  the  specification  of  the  production  functions  from 
which  their  contribution  to  output  is  estimated. 

There  is  also  a  fundamental  difficulty  in  identifying  the 
contribution  of  such  imports  net  of  (for  example)  the  effects 
of  preferential  allocations  to  import-intensive  projects  of 
cooperating  domestic  inputs.  These  cooperating  domestic 
inputs  include  such  intangibles  as  the  time  and  attention  of 
central  officials  (which  may  have  a  high  opportunity  cost  to 
the  rest  of  the  economy). 

A  recent,  and  as  yet  unpublished,  paper  by  Martin  L.  Weitzman 
of  the  Massachusetts  Institute  of  Technology303  raises  further 
questions  by  showing  that  the  use  of  the  stock  of  imported 
Western  machinery  as  a  separate  explanatory  variable  in  pro¬ 
duction  function  analysis  of  recent  Soviet  industrial  growth 
does  not_  improve  statistically  the  explanation  of  such  growth. 

In  other  words,  despite  the  Green-Levine  findings,  one  cannot 
definitively  reject  the  hypothesis  that  the  impact  on  output, 
at  the  margin,  of  this  imported  machinery  does  not  in  fact 
differ  from  that  of  "indigenous"  machinery.  304 


O.W.  Green  and  H.S.  Levine,  "Soviet  Machinery  Imports,"  Survey  ^London), 
Volume  23,  Number  2,  Spring  1977-78,  pages  112-126. 
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Philip  Hanson,  "Western  Technology  in  the  Soviet  Economy,  Problems 
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M.L.  Weitzman,  "Technology  Transfer  to  the  USSR:  An  Econometric  Analysis," 
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August  1978. 
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Consequently ,  the  development  of  an  ex  ante  'jES  proauction  function,  wnich 

contains  the  CES  and  Cobb-Douglas  production  function  specifications  as 

special  cases,  in  Appendix  C  provides  tne  necessary  generalization  of  one 

of  the  crucial  assumptions  cited  by  Philip  Hanson.  The  additional  theoretical 

ana  empirical  research  outlined  in  Appendix  C  must  also  be  used  to  evaluate 

the  recent  results  of  production  function  analysis  obtained  by  Martin  L. 

Weitzman  (as  reported  by  Philip  Hanson)  which  are  now  within  the  framework 

305 

or  an  ex  ante  VES  production  function.  Finally,  the  import  demand  equations 

used  by  Donald  Green  and  Herbert  Levine  are  respecified  in  Appendix  C  to 

replace  the  "detente-trend"  explanatory  variable  with  a  "compensation  agreements 

306 

explanatory  variable.  Inasmuch  as  the  demand  for  machinery  imports  depends 
upon  the  three  general  factors  which  follow,  then  it  is  Hypothesized  in  Appendix 
C  that  the  willingness  of  Soviet  authorities  to  import  machinery  and  equipment 
from  the  West  depends  upon  the  percentage  of  medium  and  long-term  Soviet 
indebtedness  covered  by  compensation  agreements: 

•  The  abi 1 i ty  to  import, 

•  The  wi 1 1 i ngness  to  import,  and 

•  The  influence  of  extraneous  factors. 

This  is  an  hypothesis  which  appears  to  warrant  future  empirical  testing. 


The  general  rationale  for  concentrating  upon  machinery  and  equipment 
imports  from  the  West  in  order  to  evaluate  the  overall  importance  of  technology 
transfer  is  summarized  by  Philip  Hanson  as  follows: 


•  First,  while  other  producer  goods  may  also  embody  new 
technologies  with  potential  for  increasing  their  user's 
productivity  levels,  the  major  producti vi ty-ennancing 
potential  of  new  technologies  in  embodied  form  is  generally 
considered  to  be  in  machinery  and  equipment. 


•  Second,  although  not  all  machinery  embodies  technologies 
new  to  its  purcnasers,  anecdotal  evioence  and  the 
"Methodological  Guidelines"  of  the  USSR  State  Planning 
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See  Appendix  C,  cages- 0-69  and  0-70. 

See  Appendix  0,  pages  0-75  to  0-37  for  a  review  of  the  S0VM00  III  import 
demand  equations.  Pages  0-38  to  0-92  of  Appendix  C  describe  aevelooment 
of  tne  "compensation  agreements"  explanatory  variable  and  the  new 
soeci f ications  for  the  import  demand  equations. 

See  Appendix  C,  pages  0-93  to  C-93.  "he  definition  of  counter- trade  practice 
involved  in  Soviet  "trade  policy  is  defined  in  Footnote  95  on  page  0-79  of 
Appendix  C. 


Commission  (Gosplan)  strongly  suggest  that  Soviet  planners 
do  not  allocate  nard  currency  to  machinery  inports  unless 
the  relevant  machine-building  ministry  attests  that  it  can 
not  itself  provide,  within  the  time-frame  establisned  by 
the  plan,  machinery  of  the  type  and  parameters  requireo. 

•  Finally,  other  important  transfer  channels,  such  as  purchase 
of  know-now  and  licenses  and  tne  receipt  of  training,  are 
in  Soviet  practice  mostly  connected  witn  major  plant 
purchases,  and  the  values  of  the  technology  acquired  are  ™ 
included  within  the  reported  values  of  these  package  deals.0  ° 

In  this  context,  Philip  Hanson  has  constructed  a  time  series  of  Soviet  machinery 

and  equipment  imports  from  the  West  in  which  the  estimated  ruble  value  in  1969  in 

vestment  prices  is  treated  as  an  indicator  of  the  changing  dimensions  over  time 

of  commercial  flows  of  technology  from  the  West  to  the  USSR.  As  ne  explains. 

We  can  jse  Table  1  to  put  technology  transfer  to  the  USSR  in 
perspective. 

Table  l 


Soviet  i.mcorts  or'  Machinery  ana  Transport  equipment 
from  the  *est,  1955-1977  309 


l 

2 

3 

4 

Value  In  US 

Estimated  ruOle 

Imports  as  snare 

of  domestic 

Year 

dollars,  current 
prices,  f.o.a. 
(millions) 

value,  in  1969 
investment  prices 
imi I  lions ) 

machinery 
investment  in  the 
followi ng  year 
ipercent! 

1955 

104 

148 

2.3 

1956 

139 

138 

2.4 

1957 

123 

166 

1.3 

1958 

123 

158 

1.0 

1959 

17' 

227 

2.2 

I960 

310 

393 

3.4 

1961 

390 

472 

3.5 

1962 

426 

510 

3.5 

1963 

402 

467 

2.3 

1964 

439 

561 

3. 2 

1965 

366 

421 

1966 

395 

436 

2.2 

1967 

457 

499 

2.4 

1968 

539 

3.2 

I  1969 

389 

966 

3.3  1 

1970 

905 

913 

3.4 

1971 

540 

'96 

1972 

1.126 

459 

3.3 

1973 

1.574 

1,391 

3. 2 

1974 

2.394 

1,316 

3.4 

1975 

4,154 

?■?  310 

1976 

4.259 

■  /■  '  ”  ’  '' 

3.3 

1977 

4,571 

m 

n.a. 

3h1Iio  Hanson,  "'Western  "ecnnology  in  the  Soviet  economy,'  Op.  C:  t . ,  Page  -4, 
underlining  oas  seen  aoaea  tor  emonasis. 


*he  imports  iaentifiea  in  this  table  are  those  cove-eo  py  Section  '  of  S  tana  arc 
International  "race  Olass;  -'icacion  S1TC  ').  These  data  exclude  imports  '-on 
cinlano — a  parter-trace  partner  having  a  special  political  -eiationsnio  nith 
the  JSSS. 

This  figure  is  related  to  197'  planned  gather  than  -eoorted',  investment 
pecause  the  latter  *as  not  :ur-ently  available. 
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In  its  commercial  form,  at  least,  tecnnology  transfer 
represents  only  a  very  small  snare  of  Soviet  equipment 
investment  (Column  4).  This  proportion  nas  grown  some- 
wnat  since  tne  mid-1950s,  but  the  rise  nas  been  neither 
strong  nor  continuous.  The  percentages  for  tne  latter 
half  of  the  period  probably  somewnat  understate  the  share 
of  Western  machinery  in  total  Soviet  equipment  investment, 
since  they  do  not  allow  for  unacknowledged  inflation 
present  in  Soviet  prices  for  USSR-produced  machinery. 
However,  while  correction  for  this  phenomenon  might  raise 
the  mid-1970s  share  to  6  percent  or  so,  it  would  not  alter 
the  general  picture. 

As  can  be  seen,  fluctuations  in  the  value  of  machinery 
purchases  have  been  considerable.  These  appear  to  be  tne 
result  mainly  of  the  exigencies  of  the  Soviet  hard-currency 
balance  of  payments.  Up  to  1972,  variation  in  the  figures 
in  Column  2  could  be  quite  well  "explained"  stati sti cal ly 
by  two  other  variables:  hard-currency  grain  imports  and 
total  hard-currency  exports.  311  [n  tne  subsequent  'detente 
period,  Soviet  hard-currency  borrowing  increased  sharply, 
and  the  emergency  grain  imports  of  1972-73  were  not  allowed 
to  inhibit  the  growth  of  machinery  imports.  However,  the 
Western  recession  of  the  mid-1970s  slowed  the  growth  of 
Soviet  hard-currency  export  earnings,  ana  another  round  of 
emergency  grain  imports  was  necessitated  by  the  1975  harvest 
failure.  As  a  result,  Soviet  indebtedness  grew  snarply  and 
began  to  act  as  a  constraint  on  machinery  imports. 


Ji~  P.  Hanson,  "International  Technology  Transfer  from  the  West  to  tne  USSR," 
in  Soviet  Science  and  Technology:  Domestic  and  Foreign  Perspectives,  edited 
by  V.R.  Thomas  and  U.M.  Kruse-Vaucienne,  Washington,  D.C.,  1977,  page  363. 
"Looking  at  Soviet  hard-currency  imports  of  machinery  from  the  West  (roughly, 
OECD  less  Finland)  between  the  mid-1950s  and  tne  early  1970s,  I  found  that, 
for  1955-1971,  the  simple  hypothesis  that  machinery  imports  in  any  given  year 
( M K+. )  were  determined  by  total  exports  to  the  West  in  that  year  v. X t )  ana 
(negati vily)  by  grain  imports  from  the  West  in  the  previous  year  ( MG t _ i ) , 
fitted  the  facts  remarkably  well.  0 

MKt  =  -72.42+0.386Xt-0.394MGt_,  (R  =0.916) 

(0.9  34)  (3.086)  (-2.50  2) 

(The  bracketed  figures  under  the  coefficients  are  t  statistics,  ana  the  X. 
and  MGt_^  coefficients  are  both  significant  at  the  IT  level.)  Even  if  tne 
time  trend  is  removed  from  X  and  MK,  the  relationship  over  1955-1971  is  still 
quite  strong.  The  implication  is  that  variations  in  indebtedness  to  the  West, 
or  in  gold  sales,  are  not  strongly  associated  with  variations  in  machinery 
imports  in  this  period.  In  1972  the  pattern  changed.  The  US-Soviet  trade 
agreement  offered  a  major  new  source  of  credit,  and  emergency  grain  imports 
(on  credit)  were  made  while  (unlixe  1963-19641  machinery  oraers  ana  deliveries 
continued  sharply  upwards.  Greater  use  of  credit  was  no  doubt  in  part  a 
response  to  the  acceleration  of  Western  inflation,  which  orovided  tne  Russians 
with  credit  at  negative  real  interest  rates.  But,  taken  in  conjunction  with 
the  other  changes  considered,  it  is  surely  also  part  of  the  more  general  polic 
change  under  ai scussion . " 
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The  limits  to  Soviet  indebtedness  were  not  so  much  set  by 
Western  banks  and  governments  as  they  were  self-imposed  by 


Soviet  pi anners . . . .Thus ,  the  sharp  cutDack  in  new  Soviet 
orders  for  Western  machinery  that  occurred  in  1977--tne  first 
such  reversal  in  the  1970s--most  likely  reflected  tne  finan- 


ci a  1  caution  or  Soviet  policymakers,  out  of  concern  that  USSk 
debt  service  in  hard  cu rrency  had  reached  what  is  believed 
to  have  been  something  on  the  order  of  25-30  percent  of  hard- 
currency  earnings  for  exports  of  merchandise  other  than  arms. 312 
One  might  hazard  the  guess  that  Soviet  machinery  orders  would 
pick  up  once  more  if  Soviet  hard-currency  export  earnings  again 
began  to  grow  strongly.  313 


The  underlined  portion  of  the  foregoing,  somewhat  lengthy  explanation  provided 
by  Philip  Hanson  reveals  the  importance  to  the  Soviet  authorities  of  covering 
more  of  their  outstanding  debts  with  compensation  agreements  in  order  to 
provide  additional  hard-currency  earnings. 


The  proposed  changes  to  30VM0D  III  are  advocated  for  the  purpose  of 
testing  the  second  hypothesis  enunciated  by  Bill  Lee  at  the  OMR-sponsored 
workshop  on  economic  conflict;  i.e.. 


I  would  also  advance  the  hypothesis  that  the  rising  cost  of 
weaponry  is  one  of  the  primary  causes  for  the  very  low  proportion 
of  durables  in  Soviet  investment  outlays.  Durables  are  only 
about  one-third  of  new  investment  outlays.  In  other  words, 
for  each  new  ruble  of  investment,  only  about  35  kopecks  are 
allocated  to  durables;  the  rest  goes  into  brick  and  mortar. 

If  you  deduct  housing  and  some  other  things,  the  ratio  is 
still  only  about  40  percent.  I  have  seen  Soviet  explanations 
of  this  subject  which  allege  that,  in  other  Western  countries, 
this  ratio  is  much  higher... If  this  is  the  case  and  if  the  low 
ratio  of  producer  durables  in  Soviet  investment  outlays  has 
something  to  do  with  defense  expenditures,  then  I  would  argue 
that,  as  a  hypothesis,  there  is  a  relative  shortage  of  producer 
durables  which  adds  to  the  difficulty  of  substituting  capital 
for  labor  in  the  Soviet  economy.  This  situation  is  evidenced 
by  the  relatively  modest  contribution  of  technology  to  the  growth 
of  output  in  Western  analyses  of  the  production  function  of  the 
Soviet  economy.  314 


^  According  to  Philip  Hanson's  tally  (from  Western  press  reports),  new 
orders  decreased  from  approximately  US  $6  billion  in  1976  to  about  US 
S2.5  billion  in  1977.  (Economist  Intelligence  Unit,  Quarterly  Economic 
Review  of  the  USSR  (London),  Nos.  2  and  3,  1978). 

^  Philip  Hanson,  "Western  Technologies  in  the  Soviet  Economy,"  Op.  Ci t . , 
page  25;  Table  1  may  be  found  on  page  22;  parenthetical  information  and 
underlining  have  been  added  for  clarity  and  emphasis,  respectively. 

^  Appendix  C,  pages  C-9  to  C-10;  underlining  has  been  added  for  emphasis. 
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This  hypothesis  is  modi  tied  in  Appendix  C  as  follows: 

•  The  low  oercentage  of  producer  durables  may  also  reflect  a 
higher  Soviet  priority  on  the  development  of  energy 
resources  which  requires  more  "brick  and  mortar"  in  new 
investment  expenditures. 

•  The  "relative  shortage"  of  producer  durables  may  now  be 
interpreted  in  the  "qualitative"  framework  of  the 
tecnnology  embodied  in  imported  Western  machinery  and 
equipment  which  definitely  eases  the  "difficulty  of  sub¬ 
stituting  capital  for  labor". 


•  Given  the  "economic  necessity"  to  import  producer  durables 
from  the  West,  then  Bill  Lee's  original  hypothesis  with 
regard  to  a  causal  relationship  between  increased  Soviet 
defense  spending  and  a  "relative  shortage"  of  producer 
durables  may  be  modified  to  reflect  a  "differential 

i  military  burden"  hypothesis  with  respect  to  the  imported 

vs  domestic  stock  of  machinery  and  equipment. 

•  Bill  Lee's  modified  hypothesis  may  therefore  be  stated 
as  follows: 

-  Increased  Soviet  National  Security  Expenditures  (NSE) 
have  resulted  in  a  "military  necessity"  to  import 
Western  machinery  and  equipment  in  order  to  indi rectly 
support  the  Soviet  military  establishment  by  easing  tne 
"difficulty  of  substituting  capital  for  labor"  in  the 
ci vi 1 ian  Soviet  economy. 

-  The  "relative  shortage"  of  producer  durables  in  quanti¬ 
tative,  as  well  as  qualitative,  terms  merely  reflects 
the  higher  priority  accorded  to  both  military  durables 
and  the  development  of  energy  resources,  which  requires 
more  emphasis  to  be  placed  on  "brick  and  mortar"  than 
machinery  and  equipment.  315 


This  "military  necessity"  hypothesis  with  respect  to  Soviet  trade  policy  is 
developed  in  more  detail  in  Appendix  C.^  The  basic  concept,  however,  is 
to  estimate  the  relative  burden  differential  between  the  Soviet  stock  of 
imported  Western  machinery  and  equipment  and  their  stock  of  domestic  machinery 
and  equipment  for  each  economic  sector.  If,  after  making  allowance  for  the 


greater  relative  productivity  of  imported  Western  machinery  and  equipment 
(when  compared  to  the  domestic  stock),  the  relative  buraen  differential  still 
exists,  then  this  evidence  would  strongly  suggest  that  a  "military  necessity" 
to  import  Western  machinery  and  equipment  for  the  embodied  technology  is  the  domi- 
nant  consideration  in  the  formulation  of  Soviet  trade  policy.  Although  the 
See  Appendix  C,  pages  C- 10  to  C-15. 

See  Appendix  C,  pages  C-99  to  C-105. 
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actual  testing  of  this  "military  necessity"  hypothesis  requires  the  use  ot 
historical  time  period  data  ano  the  refinement  of  the  generalized  burden 
analysis  in  Appendix  B  as  summarized  in  Equation  tC-55)  in  Appendix  C,  it  is 
possible  to  project  the  relative  burden  differential  in  each  economic  sector 
by  using  the  projected  compos i t ion  of  Soviet  NSt  with  tne  methodology  ot  Equation 
( C - 55 )  in  Appendix  C  over  the  projection  period  1976-1985  in  SOVMOD  III.0  ‘ 
Consequently,  the  four  basic  "sensitivity  analysis"  experiments  originally 
illustrated  by  means  of  the  Bergendorf f-Strangert  model  (i.e.,  a  change  in  the 
production  function  speci fication,  a  change  in  the  technology  transfer  produc¬ 
tivity  specification,  and  a  change  in  the  estimated  burden  of  Soviet  defense 
spending  in  total  and  by  each  economic  sector)  have  been  extended  to  the  SOVMOD 
III  macroeconometric  model --which  may  be  summarized  as  follows: 

•  The  development  of  an  ex  ante  VES  production  function  which 
contains  the  ex  ante  CES  and  Cobb-Douglas  production  functions 
as  special  cases; 

•  The  re-speci fication  of  the  import  demand  equations,  to 
include  a  compensation  agreements  explanatory  variable; 

•  The  formulation  of  a  relative  burden  analysis  to  test  a 
"military  necessity"  hypothesis  with  respect  to  Soviet 
trade  policy  which  has  important  implications  with  respect 
to  the  possible  "leverage"  associated  with  Western  "techno¬ 
logy  transfer"  to  the  Soviet  Union. 

The  actual  implementation  of  these  four  experiments  within  the  framework  of 
SOVMOD  III  and  with  the  same  three  alternative  allocation  rules  constitutes 
twelve  "ex  ante"  resource  allocation  experiments  that  are  suggested  for  future 
empirical  and  theoretical  research. 
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This  possibility  for  the  projection  of  the  relative  burden  differential 
between  the  Soviet  stock  of  imported  Western  machinery  and  equipment  and 
their  own  stock  of  domestic  machinery  and  equipment  may  be  used  to  evaluate 
the  possible  value  of  "leverage"  associated  with  "technology  transfer' 
from  the  West.  The  recently  announced  role  or  the  National  Security 
Council  in  the  review  of  export  licenses  for  American  technology  being 
sold  to  the  Soviet  Union  and  other  communist  countries  is  a  reflection  ot 
this  type  of  "leverage"  ("The  Legacy  of  a  Harvard  Scholar:  A  Carefully 
Primed  Soviet  'Bear  Trap'"  concerning  Samuel  P.  Huntington  in  the  WaMnngton 
Post.  August  CO,  1978). 


4.0  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


4.1  A  RECAPITULATION  OF  RESEARCH  OBJECTIVES 


Generally  speaking,  the  basic  objective  of  the  research  presented  in 
this  summary  report  was  to  investigate  the  various  issues  and  empirical 
hypotheses  with  respect  to  Soviet  resource  allocation  wnicn  were  discussed 
at  the  ONR-sponsored  workshop  on  Economic  Conflict  and  National  Security 
Research  in  September  1976.  More  specifically,  the  issues  and  empirical 
hypotheses  that  relate  to  the  estimation  of  Soviet  National  Security  Expen¬ 
ditures  may  be  summarized  as  follows: 


•  The  nature  and  explanation  for  the  various  methodological 
differences  among  the  various  methods  of  estimating  Soviet 
defense  expenditures. 

•  The  implications  of  these  methodological  differences  for 
resource  allocation  within  the  Soviet  economy  wnen  the 
alternative  estimates  of  Soviet  defense  spending  are 
evaluated  within  the  framework  of  Soviet  National  Income 
Account  data  for  the  Gross  National  Product  and  its 
component  elements--i .e. ,  Consumptioi.,  Investment,  and 
Governmental  spending  (both  non-defense  and  defense).  318 

•  The  empirical  hypothesis  that  there  is  a  direct  trade-off 
between  the  level  of  investment  and  the  level  of  estimated 
defense  spending,  and  that  this  short-run  opportunity  cost 
inhibits  the  growth  of  investment.  319 

•  The  empirical  hypothesis  that  the  composition  of  investment 
has  been  adversely  affected  by  a  "drainoff"  of  defense 
spending,  as  suggested  by  the  low  ratio  of  producer  durables 
in  new  investment.  320  Inasmuch  as  the  composition  of 
investment  may  be  interpreted  in  terms  of  emphasizing 
construction  costs  due  to  the  Soviets'  primary  concern  with 
"energy  sel f-suffi ciency , "  then  the  relative  shortage  of 
new  domestic  producer  durables  in  qualitative  terms  may 

be  alleviated  by  machinery  imports  from  the  West.  In  fact, 
this  emphasis  upon  the  technology  transfer  embodied  in 
imports  of  Western  machinery  and  equipment  may  even  reflect 
a  "military  necessity,"  as  well  as  the  normal  economic 
rationale  for  such  imports. 

TH 


319 

320 


This  evaluation  of  the  estimated  level  of  Soviet  defense  spending  is 
provided  in  Appendix  A  and  extended  to  the  estimated  sectoral  composi¬ 
tion  of  Soviet  defense  spending  in  Appendix  S. 

See  pages  7  and  8  in  Section  1.1.4  and  oage  Q-8  in  Appendix  D  of  this 
Summary  report. 

See  pages  3  and  9  in  Section  1.1.4  and  page  0-9  in  Appendix  D  of  this 
summary  report. 
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These  four  issues  and  empirical  hypotheses,  which  stem  from  the  results  of 
the  workshop,  provide  tne  basic  focus  for  this  summary  report. 


4.2  A  SUMMARY  OF  THE  MAJOR  SECTIONS  OF  THE  REPORT 

4.2.1  A  Summary  of  Section  2.0 

Section  2.0  of  this  summary  report  reviews  the  nature  and  explanation  of 
the  various  methodological  differences  among  the  alternative  baseline  estimation 
techniques  for  Soviet  defense  spending  in  some  detail.  This  review  of  the 
various  methods  for  estimating  Soviet  defense  expenditures  is  based  upon  the 
usual  and  additional  components  of  Soviet  NSE  defined  in  Table  2.0.  Some  of 
these  components  may  be  related  to  the  Defense  and  Science  line  items  of  the 
Official  Soviet  Budget  for  the  historical  time  period  1960- 1975--as  reflected  in 
Table  2.1.  Inasmuch  as  the  level  of  Soviet  NSE  may  be  disaggregated  to  the 
following  "resource  categories,"  then  the  fundamental  identity  for  each  baseline 
estimate  is  the  sum  of  these  four  categories: 

•  Operating  Budget--ait(Defense)t  , 

•  Military  R&D--0.1.(Science)t  , 

•  Procurement-^  t  ,  and 

•  Residual  Category-^ 

Therefore,  the  basic  identity  in  Equation  (1)  of  this  report  [i.e.,  Dit  =  dit 
(Defense)t  +  3- t(Science)t  +  y-t  +  S-t]  serves  as  the  framework  for  expressing 
the  specific  methodology  for  estimating  each  resource  category  of  Soviet  NSE 
in  terms  of  numerical  estimates  for  the  foregoing  parameters  (a^,  3it>  and 
y.J  with  $.  set  equal  to  zero.  This  provides  the  opportunity  to  formulate 

1  l*  1  t 

statistical  tests  for  the  significance  of  the  observed  differences  in  the 
numerical  estimates  of  each  of  these  parameters  caused  by  differences  among  the 
alternative  baseline  methodologies.  The  formulas  for  the  confidence  intervals 
around  the  a.*,  3 -t,  and  y.^.  parameters  have  been  developed,  but  have  not  yet 
been  empirically  implemented.  Instead,  more  emphasis  has  been  placed  upon  the 
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identification  of  possible  sources  of  methodology  errors  ano  information 
errors--tfie  concepts  of  wnicn  nave  been  rigorously  defined.  witn  reference 
to  alternative  procurement  estimates  li.e.,  .  oarticular  ananas  is  has 
Deen  placed  upon  an  in-depth  evaluation  of  tne  following  tnree  possiole  causes 
of  bias  and  error: 

•  Double-counting  bias, 

•  Overpricing  of  new  products  bias,  and 

•  Comparability  of  establ ishment  basis  and  commodity 
oasis  data.3*-* 

The  current  literature  pertaining  to  these  three  sources  of  bias  and  error  has 
been  carefully  reviewed. 

Each  numerical  estimate  of  Soviet  NSE  nas  been  associated  with  a  curvi¬ 
linear  growth  path  as  defined  in  Equation  ; 32 )  ,i.e.,  =  a  ■  ^  l"e'3ns 

of  tnis  equation,  each  of  the  baseline  methodologies  may  be  summarized  in  terms 
of  tne  following  parameters : 

•  Base  year  (i .e.  ,  t  *  0) 

•  Growth  percentage,  (i.e.,  b.  1  1+r.),  and 

a  multiplicative  composite  error  term  ^  ),  It  is  within  tne  frame  of  refer¬ 

ence  of  this  curvilinear  growth  path  that  a*  nas  been  conceDtually  partitioned 
into  information  and  methodology  error  terms  (i.e.,  5.*  =sit  v^t).  Therefore, 
assuming  appropriate  statistical  properties  for£it  and  v.,.,  respectively,  then 

1  v. 

a  systematic  methodology  error  parameter  (i.e.,  j • )  may  bo  associated  with  the 
natural  log  of  the  base  year  parameter  (a.)  and  a  systematic  information  error 
parameter  (i.e.,  u.)  may  be  associated  with  the  natural  log  of  tne  growth  per¬ 
centage  parameter  ^b.  =  1  ♦  r^).  Consequently,  the  traditional  properties  of 
an  estimator,  which  are  identified  below,  may  be  associated  with  tne  concepts 
of  methodology  and  information  errors  : 

•  Consistency, 

•  The  absence  of  bias. 


321 


See  oages  62-30  in  Section  2. 6. -I  of  this  summary  report. 
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•  Minimum  variance, 

•  Relative  efficiency,  and 

•  Sufficiency.  " 

By  analogy,  a  :"etnooology  error  alore  implies  tnat  the  estimator  of  Soviet 
NSE  is  a  Sufficient  statistic,  out  may  oe  biased,  inefficient,  or  even  in¬ 
consistent.  By  contrast,  an  information  error  alone  implies  that  the  estim¬ 
ator  is  not  even  a  sufficient  statistic,  However,  once  the  information  error 
is  eliminated,  then  tne  estimator  would  be  unbiased,  consistent,  and  have  a 
minimum  variance.  Inasmuch  as  tne  normal  situation  is  that  an  estimator  will 
reflect  some  unknown  combination  of  botn  methodology  and  information  errors, 
then  it  may  be  ooserved  that  the  relative  intensify  of  these  errors  among  the 
alternative  baseline  techniques  for  estimating  Soviet  NSE  does  provide  a 
oasis  for  their  comparison  and  evaluation. 

4.2.2.  A  Summary  of  Section  3.0 

Section  3.0  of  this  summary  report  evaluates  the  alternative  baseline 
estimation  methodologies  in  terms  of  their  impact  upon  resource  allocation 
within  the  Soviet  economy.  In  Table  2.22,  the  set  of  current  baseline  method¬ 
ology  estimates  of  Soviet  NSE  for  the  historical  time  period  1960-1975  re¬ 
flects  a  definite  resource  allocation  problem  for  a  given  set  of  Soviet 
National  Income  Accounts.  Inasmuch  as  Soviet  Gross  National  Product  (GNP) 
may  be  disaggregated  into  the  following  major  end-use  categories,  then  the 
basic  definitional  equation  for  GNP  in  each  time  period  must  be  maintained: 

•  Consumption  (C), 

•  Investment  (I), 

•  Administrative  Governmental  expenditures  (A),  and 

•  Defense  expenditures  ID). 

Consequently,  any  discrepancy  between  a  baseline  estimate,  D^,  and  the  end- 
use  category  for  defense,  Dt>  must  reflect: 

•  "Undetected"  Soviet  NSE,  which  must  be  adaed  to  the  estimates 
of  Soviet  GNP,  or 

•  "Hidden"  Soviet  NSE  in  the  C,  I ,  OR  A  accounts,  wnich  must  be 
properly  reallocated. 

322 

See  pages  110-117  in  Section  2.10  of  this  summary  report. 
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The  motivation  for  tnis  ex  post  resource  allocation  analysis  was  tne  recent 
CIA  revision  of  its  estimates  of  Soviet  NSE  and  the  question  of  whether  or 
not  these  revised  estimates  are  still  compatible  with  tne  CIA's  estimates 
of  the  Soviet  GNP  accounts  for  1970.  For  example, 

•  Douglas  Diamond  of  the  CIA  stated  during  a  seminar  at  Harvard 
University  in  1976  that  approximately  25  billion  rubles  of 
Soviet  NSE  had  been  previously  "undetected"  and  that  a  figure 
of  this  magnitude  would  have  to  be  added  to  the  CIA's  estimate 
of  Soviet  GNP  for  1970;  wnereas 

•  John  Pitzer,  also  of  the  CIA,  stated  in  a  paper  presented  at  a 
NATO  colloquium  in  1977  tnat  enough  "hidden"  Soviet  NSE  can  be 
identified  in  the  Consumption,  Investment,  ano  Government  Admin¬ 
istration  accounts  of  Soviet  GNP  to  reconcile  the  recent  revisions 
of  tne  CIA  estimates  of  Soviet  NSE. 

These  two  polar  points  of  view  have  been  supplemented  by  the  following  inter¬ 
mediate  opinions: 

•  William  Lee  recently  observed  in  his  book  that  the  CIA  estimate 
of  381  billion  rubles  for  Soviet  GNP  in  1970  "probably  leaves 
the  CIA  accounts  at  least  10  billion  rubles  snort  on  the  sector- 
of-origin  side  of  GNP  because  enterprise  funds  look  implausibly 
low  and  several  billion  rubles  of  budget  income  are  not  entered"; 
and 

•  Rush  Greenslade  hypotnesized  that  the  Soviet  GNP  for  1970  was  too 
low  by  about  the  estimated  range  of  error  of  plus  5.5  billion  rubies. 

In  light  of  these  statements,  the  alternative  hypothesized  values  *or  the  level 
of  "undetected"  Soviet  NSE  was  observed  to  range  from  zero  (i.e.,  John  Pitzer) 
to  5.5  billion  rubles  (i.e.,  Rush  Greenslade)  to  10  billion  rubles  (i.e., 
William  Lee)  to  25  billion  rubles  (i.e.,  Douglas  Diamond).  These  alternative 
hypotheses  with  respect  to  the  level  of  "undetected"  Soviet  NSE  were  combined 
with  John  Pitzer's  hypothesis  that  14  percent  of  the  estimated  Soviet  NSE  is 
"hidden"  in  the  other  non-defense  categories  of  Soviet  GNP.  finally,  altern¬ 
ative  estimates  of  Soviet  military  research  and  development  expenditures  were 
used  to  define  a  total  of  20  ex  post  resource  allocation  experiments  wnich  are 
described  in  Aopendix  A  in  some  detail. 

The  development  of  an  econometric  methodology  for  the  reconciliation  of 
the  set  of  baseline  estimates  of  Soviet  NSE  in  Table  2.22  with  the  current  ruble 
estimates  of  Soviet  GNP  was  based  upon  the  definition  of  a  measurement  error 
(M  )  as  the  difference  between  each  estimate  of  Soviet  NSE  (D-t)  generated  by 
the  ith  estimating  technique  and  the  end-use  category  for  defense  (0t).  In 
view  of  the  hypothesis  that  14  percent  of  this  measurement  error  is  "hiacen" 
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in  tne  other  GNP  accounts,  then  36  percent  of  this  measurement  error  rust  be 
divided  into  systematic  and  random  components.  ’oe  systematic  component  •$ 
determined  by  tne  hypotnes-zed  level  o*  undetected"  Soviet  NSE  in  1  ?"0  .%n-  •• 
must  be  added  to  Soviet  GNP  and  tne  estimated  growtn  rate  of  Soviet  GNP  over 
the  historical  time  period,  'he  random  component  may  then  oe  associated  with 
statistical  tests  on  various  parameters.  As  a  result,  tne  ranking  or  tne  base¬ 
line  estimating  tecnnigues  in  terms  of  their  relative  ’robustness'1  to  cnanges 
in  the  experimental  conditions  underlying  tne  30  e\  post  resource  allocation 
experiments  was  determined  as  follows: 

•  Very  Robust  --  Sill  Lee's  estimation  technique  (i.e.,  both  the 
estaol 1 shment  basis  and  commodity  basis'; 

•  Moderately  Robust  --  The  S I  PR  I  and  Chinese  estimation  techniques; 

•  Slightly  Robust  --  Stanley  Conn’s  estimation  techniques  (i.e.,  both 
tne  State  Reserves  Basis  and  Final  Demand  Basis),  as  .veil  as  the 
CIA  estimation  technique;  and 

•  Vnacceotapl e  --  The  Official  Soviet  Defense  Budget,  the  IISS 
original  budgetary  technique,  and  tne  Frencn  national  expenditures 
method.  Insofar  as  these  three  baseline  estimating  methodologies 
are  concerned,  the  estimated  value  of  Soviet  GNP  for  1970  provided 
Dy  the  CIA  would  have  to  be  considered  “too  high",  rather  than  ’too 
low”,  before  tnese  methodologies  could  be  considered  to  be  compatible 
with  the  National  Income  Accounts  for  Soviet  GNP.  3C3 

The  relative  bias  and  tne  relative  efficiency  properties  of  these  alternative 
baseline  estimators  of  the  level  of  Soviet  NSE  were  determined  in  Section  3.0 
within  tne  context  of  an  ex  Dost  resource  allocation  analysis  using  an  “end- 
use''  disaggregation  of  Soviet  Gross  National  Product. 

Section  3.0  of  this  report  also  presented  a  generalized  burden  analysis 
of  Soviet  NSE  based  upon  a  "sector-of-origin"  disaggregation  of  Soviet  Gross 
National  Product.  Due  to  the  inherent  data  limitations,  more  emphasis  was 
placeo  upon  the  methodology  used  to  provide  an  empirical  evaluation  of  the 
economic  burden  associated  with  alternative  baseline  estimates  of  the  sector¬ 
al  compos i tion  of  Soviet  NSE.  This  empirical  evaluation  was  based  uoon  the 
princiole  of  opportunity  costs,  which  has  been  defined  by  Professor  Stanley 
Conn  as  follows: 


323 


See  oage  150  in  Section 


of  tnis  summary  report. 


Economic  analysis  measures  the  sacrifice  of  a  particular  ^se 
of  resources  in  terms  of  the  concept  of  opportunity  cost.  liven 
tne  iimitec  availaoilit-  of  ''esources,  ootn  human  ana  ::atenal, 
tneir  utilization  for  one  pu; oose  is  attained  at  tne  cost  of  sacr’- 
ficmg  some  otner  possiole  ^se.  'ns  postulate  presumes  full 
utilization  of  resources,  i.e.,  full  employment.  The  devotion  of 
a  significant  share  of  an  economy's  national  product  to  military 
Purposes  deprives  tne  economy  of  tne  opportunity  of  using  that 
output  for  nigner  levels  of  consumption  anu  or  more  rapio  --ates  of 
growth  in  tne  form  of  nigher  levels  of  investment.  32-1 

"his  principle  or‘  resource  allocation  is  implemented  operationally  in  Aocenoiv 
3  Oy  calculating  tne  Ouraen  of  Soviet  military  expenditures  by  means  of  an 
analysis  of  the  competing  uses  of  resources  (as  reflected  in  an  input-output 
matrix)  and  tne  determination  of  possible  competitive  claims  *'cr  scarce  human 
ana  capital  inputs,  nowever,  tnis  evaluation  of  tne  alternative  estimates  of 
tne  sectoral  composition  associated  with  tne  alternative  estimates  of  tne  level 
Of  Soviet  NSE  in  Taple  2.22  covers  only  tne  period  1  966  -  1971.  Moreover,  only 
3 a  1 1  Lae's  and  Stanley  Conn’s  estimation  techniques  provided  the  additional 
data  required  to  properly  implement  the  generalized  burden  analysis  metnodology 
developed  in  detail  in  Appendix  B. 

The  original  disaggregation  of  the  estimated  level  of  Soviet  NSE 
into  three  primary  "resource  categories"  was  further  di saggregated  into  tne 
following  twelve  economic  sectors  of  the  Soviet  economy: 

•  Sector  1:  Agriculture, 

•  Sector  2:  Industry  --  Fuels  (electric  power,  coal,  oil  and  gas), 

•  Sector  3:  Industry  --  Metals  (ferrous  and  non-ferrous), 

•  Sector  4:  Industry  --  Machinery  and  Equipment  (.machine-building), 

t  Sector  5:  Industry  --  Other  Machinery  and  Equipment  (metalworking) , 

•  Sector  6:  Industry  --  Construction  Materials, 

•  Sector  7:  Industry  --  Chemical  and  Petrochemical , 

•  Sector  3:  Industry  --  Food, 

•  Sector  9:  Industry  --  Light, 

•  Sector  10:  Construction. 

•  Sector  11:  Transport  and  Communication,  ana 
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•  Sector  12:  Trade  and  Distribution. 

3°4 

See  page  3-1  in  Appendix  3  of  tnis  summary  report. 

32  5 

See  sage  3-19  of  Appendix  3  of  this  summary  '•epcrt. 
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A  set  of  general  di saggregation  rules  were  formulated  and  applied  to  tne  CIA's 
direct-costing  estimates  for  Soviet  defense  spending  in  1970,  and  t.nis  provided 
a  frame  of  '•eference  within  wnich  violations  of  tne  general  disaggregation  rules 
were  identified  on  tne  Oasis  of  tne  additional  data  provided  oy  Sill  _ee  anc 
Stanley  Conn  --  wnich  were  used  to  implement  tne  methodology  developed  in 
Appendix  3.  The  CIA  may  also  use  these  same  di saggregation  rales  in  order  to 
obtain  a  possible  historical  time  series  di saggregation  of  tne  direct-costing 
estimates  of  Soviet  NSE  by  economic  sector  and  tnen  repeat  the  resource 
allocation  experiments  defined  in  Appendix  3.  The  three  experimental  conditions 
which  were  examined  are  summarized  as  follows: 

•  A  change  in  the  assumption  that  "all  technological  progress  appears 
in  tne  final  demand  where  fewer  inputs  are  required  over  time  to 
obtain  a  unit  of  final  product"; 

«  Elimination  of  the  special  sectoral  pattern  of  RDTaE  expenditures 
from  the  estimates  of  Soviet  NSE  by  sector;  and 

•  A  test  of  the  importance  of  performing  the  burden  ratio  computations 
with  input-output  data  in  producer’s  prices,  instead  of  in  purchaser's 
prices.  326 

These  tnree  experimental  conditions  define  eight  basic  experimental  designs  be¬ 
cause  they  can  be  imposed  one  at  a  time,  two  at  a  time,  a'l  three  at  a  time  or 
not  at  all  (i.e.,  the  baseline  case).  In  addition,  there  are  two  primary 

resources,  labor  and  capital,  and  each  has  been  partitioned  into  three  qualita¬ 
tive  categories.  ”herefore,  the  eight  basic  experimental  designs  .may  be  applied 
to  each  primary  resource  and  to  each  qualitative  category.  As  a  result,  there 
are  eight  types  of  resources  for  which  economic  burden  ratios  were  calculated, 
and  the  incidence  patterns  of  resource  allocation  were  evaluated  for  the 
historical  time  period.  These  eight  types  of  resources  distributed  by  sector 
were  defined  as  follows: 

•  Aggregate  labor  --  all  workers; 

•  Hign-skill  labor  ---  graduates  of  Higher  Educational  Institutions 

•  Middle-ski  1 1  labor  ---  graduates  of  Specialized  Secondary  Educational 

Insti tutions , 


j26See  pages  B-62  to  3-64  of  Appendix  3  of  this  summary  report. 

■^These  three  experimental  conditions  define  2^  =  (^)  +  ( +  (.,)  +  (^)  =  1  +  3 
+1=8  basic  experimental  designs  wnich  are  presented  in  Table  B- 35  on  page 
3-67  of  Appendix  B  of  this  report. 


•  Low-skill  labor  —  workers  who  are  not  graduates  of  either  of  the 

foregoing  categories  of  schools, 

•  Aggregate  capital  --  fixed  ana  working  capital, 

•  Hign-curabi 1 i ty  capital  --  ouildings  and  structures, 

•  Middle-durability  capital  --  machinery  and  equipment,  and 
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•  Low-durability  capital  --  total  inventories. 


Inasmuch  as  there  were  eight  types  of  resources  and  eight  basic  experi¬ 
mental  designs,  then  64  different  experiments  were  performed  with  their  associated 
resource  allocation  burden  incident  patterns.  Those  sectors  which  exhibited  non¬ 
increasing  burden  ratios  over  the  historical  time  period  for  each  of  the 
estimation  techniques  examined  were  ranked  in  terms  of  their  "relative  sensitiv¬ 
ity"  to  changes  under  tne  three  experimental  conditions  as  follows: 

•  Very  Sensitive 

-  Labor  Resource:  Construction  Materials  (sector  6),  and 
Trade  &  Distribution  (sector  12); 

-  Capital  Resource:  Agriculture  (sector  1),  Light  Industry 
(sector  9),  and  Construction  (sector  10); 

•  Moderately  Sensitive 

-  Labor  Resource:  Fuels  (sector  2),  Chemicals  (sector  7),  Food 
(sector  8),  Light  Industry  (sector  9),  and  Construction 
(sector  10); 

-  Capita!  Resource:  Construction  Materials  (sector  6),  Chemicals 
(sector  7),  and  Food  (sector  8); 

•  Slightly  Sensitive 

-  Labor  Resource:  MBMW  (sectors  4  and  5)  and  Transportation  and 
Communication  (sector  11); 

-  Capital  Resource:  Fuels  (sector  2),  MBMW  (sectors  4  and  5), 
Transportation  and  Communication  (sector  11),  and  Trade  & 
Distribution  (sector  12); 

•  Insensitive 

-  Labor  Resource:  Agriculture  (sector  1)  and  Metals  (sector  3);  and 

-  Capital  Resource:  Metals  (sector  3).  329 

These  relative  sensitivity  rankings  provide  a  basis  for  some  preliminary 
resource  allocation  conclusions  with  regard  to  those  economic  sectors  which  have 
absorbed  the  greatest  impact  of  increased  Soviet  defense  spending  during  the  his¬ 
torical  time  period.  In  this  context,  it  was  observed  that  the  Metals  sector. 


'>,i'JThese  eight  types  of  resources  by  sector  are  presented  in  TaDle  5-36  on  page 
B-o8  of  Appendix  S  of  the  summary  report. 
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See  page  236  in  Section  3.6.5  of  this  summary  report  --  in  particular.  Footnote 
268,  which  defines  these  categories  of  sensitivity. 


reflected  an  increasing  trend  with  respect  to  the  burden  ratio  for  all  or  the 
estimation  techniques  considered  as  well  as  all  of  the  skill  and  durability 
categories.  It  was  also  observed  that  the  ‘IBMw  sectors,  as  well  as  tne  trans¬ 
portation  and  communication  sector,  were  considered  to  be  "slightly  sensitive" 
with  respect  to  both  tne  labor  and  capital  resources.  Therefore,  it  would 
appear  tnat  these  four  of  the  twelve  economic  sectors  absorbed  the  burden  or 
increased  Soviet  NSE  during  the  period  1966  -  19'1.  All  of  the  remaining  eight 
sectors  are  identified  as  "very  sensitive"  or  "moderately  sensitive"  with  re¬ 
spect  to  either  the  labor  or  capital  resource  or  both  of  these  resources.  As 
a  consequence, i t  may  be  observed  that  at  least  one  or  more  of  the  skill  cate¬ 
gories  or  the  durability  categories  definitely  avoided  the  burden  or  increased 
Soviet  defense  spending  in  terms  of  the: 

•  Estimation  techniques  considered,  and 
«  One  or  more  of  the  eight  basic  experimental  designs. 

It  was  also  observed  that  these  preliminary  conclusions  with  respect  to  Soviet 
resource  allocation  are  not  sensitive  to  the  choice  or  estimation  technique. 

Section  3.0  of  this  summary  report  also  reviews  the  original  findings 
of  Steven  Rosefielde  with  regard  to  the  Soviet  civilian  labor  force  devoted 
to  the  production  of  defense  goods  in  detail.  As  a  result,  it  was  observed 

that  his  findings  are  very  sensitive  to  the  selection  of  the  baseline  estimating 
methodology  for  the  estimation  of  Soviet  NSE.  Therefore,  the  original  six  tables 
of  final  results  presented  by  Steven  Rosefielde  now  include  the  following  ad¬ 
ditions,  corrections,  and  changes: 

•  The  value  of  the  Soviet  capital  stock  involved  in  the  production  of 
defense  goods  has  been  added  to  the  analysis; 

•  The  methodology  errors  associated  with  the  original  sectoral  dis¬ 
aggregation  of  Bill  Lee's  and  the  CIA's  estimates  of  Soviet  NSE  have 
been  corrected  by  means  of  the  general  disaggregation  rules; 

•  The  new  information  reflected  in  Stanley  Cohn's  sectoral  disaggregation 
of  Soviet  NSE  greatly  modified  Steven  Rosefielde's  original  findings,  and 

•  The  need  for  a  sectoral  disaggregation  ot  the  CIA's  estimates  of  Soviet 
NSE  for  the  historical  time  period  was  identified.  330 

■’^See  pages  130-133  of  Section  3A  and  pages  B-U  through  S-a9  of  Appendix  6 
of  this  report. 
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The  remainder  of  Section  3.0  is  devoted  to  an  ex  ante  resource  allocation 
analysis  of  the  projected  level,  composition,  and  rate  of  growth  of  Soviet  NS  £ 
for  the  projection  tine  period  1976  -  19S5.  In  this  context,  tne  following  dis¬ 
tinction  Detween  "predictions"  and  "projections"  is  useful: 

Projections  are  used  for  longer  periods  of  time,  but  are  not 
predictions.  They  (projections)  are  statements  of  what  will  occur 
under  certain  assumptions.  Usually  it  is  assumed  that  policies  will 
remain  constant,  but  a  projection  can  oe  made  on  the  assumption  that 
a  new  policy  will  be  adopted.  Other  assumptions  may  concern  govern¬ 
ment  spending,  revenues,  industrial  production,  consumption,  etc. 

A  projection  is  a  conditional  statement.  The  assumptions  are  always 
explicit  and  the  high  degree  of  uncertainty  surrounding  projections 
is  always  recognized.  331 

Inasmuch  as  the  assumptions  and  formal  hypotheses  required  to  make  a 
projection  may  be  best  organized  in  the  form  of  a  model,  then  the  Bergendorff  - 
Strangert  and  SRI-WEFA  S0VM00  III  were  examined  in  detail  from  the  standpoint 
of  Soviet  ex  ante  resource  allocation  and  its  interaction  with  the  alternative 
baseline  estimation  methodologies  which  have  been  analyzed  in  this  report. 


The  Bergendorff  -  Strangert  Model  is  a  generalization  of  the  Calmfors  - 
Rylander  (C-R)  model  which,  in  turn,  is  a  generalization  of  tne  original  Bergson 
"New  Growth  Model"  of  the  Soviet  economy.  The  three  different  approaches 
used  by  Sergendorff  and  Strangert  to  capture  the  ex  ante  trade-off  between  the 
growth  rate  of  Soviet  NSE  and  the  growth  rates  of  Consumption  and  Investment  expen¬ 
ditures  are  defined  in  the  following  three  basic  experimental  designs,  respectively 

j  Investment  is  exogenous  and  Consumption  is  endogenously  determined 
as  a  residual ; 

•  Consumption  is  exogenous  and  Investment  is  endogenously  determined 
as  a  resi dual ;  and 

•  Both  Consumption  and  investment  are  endogenously  determined  with  their 
shares  of  non-defense  gross  national  product  provided  exogenously. 

Within  each  of  these  experimental  designs  or  set  of  allocation  rules,  the  follow¬ 
ing  four  "sensitivity  analysis"  experiments  pertaining  to  Soviet  resource  al¬ 
location  were  performed: 

331  Western  Perceptions  of  Soviet  Economic  Trends",  Richard  Kaufman  Op.  C i t . . 

Page  14;  underlining  has  been  added  for  emphasis. 
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•  The  production  function  for  the  industrial  sector  is  changed 
from  Cobb-Douglas  (with  a  =  1)  to  CES  (with  a  =  0.5)  in  order 
to  examine  the  consequences  or  an  elasticity  of  substitution 
between  capital  and  labor  1  ess  tnan  unity  when  the  given  rate 
of  growth  in  Soviet  defense  expenditure  changes; 

•  The  technological  progress  parameter  of  the  industrial  sector 
production  function  is  changed  in  order  to  examine  the  conse¬ 
quences  of  improved  managerial  performance  or  the  importation 
of  foreign  technology  when  the  given  rate  of  growth  in  Soviet 
defense  expenditures  changes. 

•  The  defense  share  of  Soviet  GNP  (i.e.,  the  burden  ratio)  is 
changed  in  order  to  examine  the  consequences  of  reducing  the 
percentage  of  non-defense  GNP  available  for  Consumption  and 
Investment  when  the  given  rate  of  growth  in  Soviet  defense 
expenditures  changes. 

•  The  sectoral  composition  or  "mix"  of  Soviet  defense  final 
demand  between  the  Industrial  and  Construction  sectors  is 
changed  in  order  to  examine  the  impact  upon  resource  al¬ 
location  when  the  given  rate  of  growth  in  Soviet  defense 
expenditures  changes. 

The  foregoing  combination  of  three  alternative  experimental  designs  and  four 
alternative  sensitivity  analyses  constituted  twelve  "ex  ante"  resource  al¬ 
location  experiments  for  the  projection  of  Soviet  defense  spending  in  the 
period  1976  -  1985  with  the  rate  of  growth  parameter  determined  exogenously. 
Within  the  context  of  these  twelve  "ex  ante"  resource  allocation  experiments, 
a  Soviet  energy  constraint  was  introduced  to  reflect  the  Soviet  policy  of 
maintaining  "energy  self-sufficiency".  Finally,  the  relationship  of  these 
resource  allocation  experiments  to  the  baseline  methodology  estimates  of  Soviet 
NSE  presented  in  Table  2.22  was  discussed  in  detail. 


It  was  observed  that  the  four  basic  "sensitivity  analysis"  experiments 

pertaining  to  Soviet  resource  allocation  which  were  defined  for  the  Bergendorff- 

Strangert  model  for  illustrative  purposes  could  be  replicated  by  means  of  the 

more  sophisticated  SRI-WEFA  S0VM0D  III  model  along  the  following  lines: 

•  The  SRI-WEFA  engineering  approach  to  Soviet  production  was  carefully 
reviewed  and,  in  the  process, 

-  Donald  Green's  ex  ante  production  function  in  two  variables  was 
shown  to  be  equivalent  to  the  more  conventional  Cobb-Douglas, 

CES,  or  VES  production  function  specifications  by  an  appropriate 
choice  of  substitution  function  specifications; 


-  The  relationship  between  the  parameters  used  by  Professor  sari  w. 
Roskamp  in  nis  VES  production  function  (which  contains  the  CES 
and  Cobb-Douglas  specifications  as  special  cases  and  the  para¬ 
meters  used  by  Donald  Green  in  his  ex  ante  production  function 
was  rigorously  established;  and 

-  The  theoretical  correspondence  provided  a  political  power  inter¬ 
pretation  of  wage  determination,  as  well  as  an  institutional 
rigidities  interpretation  of  the  adjustment  in  the  capi tal -labor 
ratio  to  changes  in  the  prevailing  wage  rate. 

•  The  SOVMOD  III  demand  equations  for  Soviet  machinery  imports  were 

carefully  reviewed  and,  in  the  process, 

-  The  original  specification  of  the  demand  equations  for  Soviet 
machinery  imports  was  changed  by  replacing  the  "detente  trend" 
explanatory  variable  with  a  "compensation  agreements"  expla¬ 
natory  variable;  and, 

-  A  military  necessity  hypothesis  with  respect  to  Soviet  trade 
policy  was  formulated  for  testing  based  upon  the  sectoral 
composition  of  the  alternative  baseline  estimates  of  Soviet 
NSE  and  the  generalized  burden  methodology  developed  in 
Appendix  3. 


4.3  RECOMMENDATIONS 


In  addition  to  conducting  the  foregoing  ex  ante  resource  allocation 
experiments  utilizing  SOVMOD  III,  the  following  experimental  and  methodolo¬ 
gical  research  tasks  are  recommended; 

•  Iteration  of  the  twenty  ex  post  resource  allocation  experi¬ 
ments  defined  in  Appendix  A,  to  include  the  use  of: 

-  Bill  Lee's  National  Income  Accounts  data  in  current  rubles, 
and 

-  The  CIA's  National  Income  Accounts  data  and  original 
definition  of  Outlays  n.e.c. 

•  Iteration  of  the  sixty-four  generalized  defense  burden 
experiments  defined  in  Appendix  S, 

-  Using  the  general  disaggregation  rules  and  CIA  estimating 
technique. 


-  Expanding  tne  time  period  from  1966-1971  to  1960-1975,  and 

-  Expanding  tne  basic  experimental  conditions  (i.e.,  tecnnolo- 
gica!  progress,  RQTSE  expenditures,  and  the  Leontief  Inverse 
in  producer's  prices),  to  include  the  RAS  method  of  incor¬ 
porating  technological  change. 

•  Empirical  implementation  of  the  twelve  ex  ante  resource  allocation 
experiments  defined  in  Appendix  C  using  the  SRI-WEFA  S0VM00  III 
model,  to  include: 

-  Changing  the  form  of  the  production  function  from  Cobb- 
Oouglas  to  CES  and  VES, 

-  Formal  derivation  of  ex  ante  VES  and  CES  production  functions 
for  the  three-variable  case  wherein  capital  stock  is  disaggre¬ 
gated  by  source  of  origin  (i.e.,  domestic  or  imported), 

-  Investigation  of  conditions  for  an  exact  correspondence  between 
tne  engineering  approach  ano  cne  second-orcier  Taylor  series  ex¬ 
pansion  approach  in  the  three-variable  case,  and 

-  Analysis  of  a  more  general  elasticity  of  substitution 
between  the  imported  and  domestic  capital  stock. 

t  Implementation  of  the  technological  transfer  experimental  condi¬ 
tion  in  the  SRI-WEFA  S0VM0D  III  model  using  revised  import 
demand  equations,  to  include: 

-  Testing  alternative  specifications, 

-  Re-estimation  of  the  ratio  of  marginal  products  of  imported- 
to-domestic  machinery  with  the  VES  production  function  and  the 
technology  transfer  impact  of  "learninq  by  importing", 

-  Empirical  testing  of  the  military  necessity  hypothesis,  and 

-  Extension  of  the  military  necessity  hypothesis  to  the  import 
of  CMEA  (Council  of  Mutual  Economic  Assistance)  machinery  and 
equipment  by  the  USSR. 


•  Methodological  research  involving  the  utilization  of: 

-  Statistical  data  for  comparison  of  the  major  parameters 
(e.g.,  operating  budget,  military  R&D ,  and  procurement)  of _ 
alternative  baseline  estimates,  to  include:  the  analysis  of 
the  statistical  relationships  among  these  parameters  (as 
reflected  in  Section  2.6.1),  and 

-  Classified  data  to  implement  the  statistical  tests  for  the 
base  year  and  growth  percentage  parameters  (as  reflected  in 
Section  2.7),  and 

•  Analysis  of  the  possible  interdependence  of  the  methodology 
and  information  error  terms  in  the  alternative  estimation 
techniques  over  time  (as  reflected  in  Section  2.10.2). 
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